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(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To stabilize operation of an internal voltage generating circuit. 
SOLUTION: This device has a first power source terminal and a second power source terminal 
for receiving external voltage, an internal voltage generating circuit generating internal voltage 
from the external voltage based on a potential supplied to the first power source terminal as 
reference, and an internal circuit operated making the internal voltage as a power source. The 
internal voltage generating circuit comprises a reference voltage generating circuit generating 
reference voltage formed based on a potential supplied to the first power source terminal as 
reference, and a drive circuit supplying the internal voltage formed based on the reference 
voltage to the internal circuit, the reference voltage generating circuit is arranged near the first 
power source terminal, while the drive circuit is arranged apart from the reference voltage 
generating circuit so that the drive circuit is made near the internal circuit, reference voltage 
outputted by the reference voltage generating circuit is supplied to the drive circuit by a wiring 
for distributing reference voltage. Thereby, compatibility of generating stable reference voltage 
and stabilizing a level of internal voltage is obtained. 
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(57) [Sift] 

«saB4**u ursensKEiB^iantt. mean* 
mmtiSfr. m&mim&mmmm 1 mas 

MIBrt g|5|Bl?8©ifi« 4 % S J: 5 fc flSBW^ffi^S 

*» 6 mra i/ -cms s n , h5ibs*se^i§s§cd ffl^-r 

fflEMlK «fc 9 h S t £ 4 4 * S ¥ &f*i£S. 

mm: 33e&si*MtE©»£4. pmmE<ou«n, 
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mm® i] mi n&*m%fdtxr>n 1 wm*b. 

S^4. 

WIS* 1 Rtf*21tfi)*S»TrtaWtt*»£-J-4rt» 

zftbx&msmm i m^MiKLTjf^n* 
am^tt^n^f^aisiitt^^iiiKi. ntsem i mm 

nriBigiti[ii8Si iriBS**{4^^@K i ©ra©irga»*i 

BtflBSIlSB^ifjlBll2iB«tt. WiB» 1 HflUftT-OS* 
CDW 0 til UflW» 6#&£3 C 4 * *¥ilWt* 

So 

ffriB^ttSSKB, «r^l«tti*3WSfc«>©»31t 

aaa s n $ e 4 t 

sfet4. mwuMosFETomicmitmn 

4 £ dtt C 4 £ m 4 T4 ¥$ft«So 
[11*14 ] flt^rii 1 ^6 3©f5Jtt#>-- 
lulBrtSPIBIiffitt, ^©9-hmffiK©^-**©** 

j&c** aw 6ns > * -t^ t , Birtaa ssof- 
©* * k» is t r a w ^n mmw > x r > 7 - 4 * s 

milB«^©-fe > X7> 7'B, MIBrtgB^fitRO'BtflBm 1 

irian i *» /&* 3 ««»?■©* * b. 7 s ■/ > 
h rase 4*^4 

plan i *tatj: o*i>*2*ts:«*wafc«>o*2it» 

SHF-4. 

MIBIS 1 ROW 2 «tt*5tf T rt»«fl[4»af 4F«J» 

mzftmmimvmm 1 *tt*swa»ft-a-as& 1 a 
y»2rt»BB4*:iMiu 

WIBF>i*«fiBft*fclliSB. iBBH 1 SWfi® 1 SBM 
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&*t b x mm mm 1 mmmm ic vxmmstxz 
immntimazmt* mm 1 mm 

w i T#«3nsirffii'i»«ffi4irii2* 1 f*j 

aSHRKflW&f 4fc»©» 1 «g«jil?S4 1 ittrtBSR 1 ««l 

3 iast*/r bxmm hmzmmm wwe 
m i n&zmxmi&stimmwmtiLiwim 1 « 

WHHKCflW&t Ztcltoom 2 KftBB 4 
itiifaSiifl{4|g£BS84mifBJf? 1 SII40K4 iS&ttfS 

10 fc«>©iBi8ofi3B. m&fmsm&m&miwam 

ffitffim 1 rtSlllHl8S ; &S^1-Sfces!)©iB«d;i3S< . 

mmmmmm&mm 2 mten 4 *«a*r 4 
&*>©««©* $ b. fries 1 iB«®omfast 2 »b 
s§4miiBS 1 ftmntmmtzfcitxDmM*. 
<, 

iWBSHB*S4irtB*2lB*8B. itiflBfff 1 H»f ©BBSS 

atriam i iBii4fria»3SBi(SB > mawi *a^ST-©E 
20 mm. 

tufB^^gB, MiB»l Mffi4SWS/i:&©m3m 

trials i so** 2 asbbb. mm 3 4^ 3 

[M^98] 1**316X87^*31,^. 
t» B0 1 RO-H 2 |g«)lilS8©* * B. S5IB**«E*- 
^©A^S J f-^^WSMKiWB^4 > BufB^Kit**!^© 

30 4(H^-rSm^M0SFET4, MIBtb^MOSFET 

So 

[n%3&9] !|3}<3l6*>6 8©f5in*>-OK*3^r. 

ma» 1 rtwiiKB. ffl«©7-K«r»4a»©f s -fii 
©s*k^ « 6 n * jt * y -fe ;u 4 , ifgeaastcf 5 - 
^^©^ ^ K# ts u r aw e n 5 «»©•& > x r > 7- 4 

I3t$&i 0] i#*57*>69©fsin^-o5c*jt>r. 
mm 1 *• 6» 3 s«gi«Sif-©^ <? b. 7 s > » 

1 1 ] mi mm%vztc&<Dm 1 mm m 

«HF4, 

» 2 *fit*s w s fc«&©» 3 mmm- 1 . 

*?iam 1 af>m2^<44SW-CF , iSP«f44l6^-rSrtg|5 

m{4^iii?S4, 

50 R4*AflU 
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mm^mimwmt, mibst i mw^^tm 1 &m 
zftbx%mzmm%i 1 m^m^bx^^n^ 

n&wm 3 ft z>$m<D& s a , ifiam i iB$8&om§B 
mm tmmmav&tmibt . 

fijfBrtg|5|Bli(S«. iflB»2*«(«^i»2iBii4^L/T 
$H3ft£ C £ *#«£T5¥i*#IHfc 

ssssft, 

BirfBHliBi^iHfrfB»3fiB««. »onioaw»6^«3ti 

m^m 1 3 ] mm 1*612 ©f5jft#>— ^ccfcu 
r. 

fjiB^is&tt, mm&x&zctmmtTzm 
mm. 

1 4 ] mm 1*613 ©Mti*-o«:*j^ 

f , 

#® it 
[0001] 

[wmmtzfflMftm ma. 1 6Mt* 

[0002] 

KiC <fc S $&fiO'ptsi \ > . ££ft SJ?SE«S(C ft * C [0005] 
LS l©*Ey 5 9*(COOT«, fci*. * 
I,. = (/3„/2) • C-V T .)' 
I.. = «3.,/2)- CV..-VT,) 1 
I„ = ((8 fJ /2) • (V SS -V»-V T0 )' 
I., = (/3, 1 /2) • C-Vto) 1 

CCTV„«^-K9 9©«E > V Te . V T „tt^ft^ft 

EMOS. DM0S©b#tMii1tE (V Te >0, V T0 < 

0) . &„, 13,!, (8,,, /3 93 iJ^n^hQ 90 , Q„, 

V R = V TE -C1 +(/3„/ i 8„)-(/3, J //3, l ))- V T 

/(8„ = /S, 1 //3 >1 iftSJ:9{c#MOSFET©3aR* 

v 8 = v TE -v T „ 

£ft£„ -rftt>%, tH^*EV»iL/-CEMOSiDM 
OS£©l/*t,>ffi*E©M©*E*if# 6ft. CtiWI 
W»tV <c ^V„©*EKtt#l,ftt>££ft*Et?*.&. 

[ 0 0 0 6 ] mftgmommttfmtsicotx 

T, ^#*T-©JM«Hbfc:# 9 WEOfiT^WiUKSc o 

cft^fgp-f >*7x-*©M&-Ci&f t, so 
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*«, • • ^i^X h • t 

■7 ■ 7-9-13)1 ■ ^-a-X, 312 7 2H*63S2 7 3 
H, 1 9 8 6^2/3 ( I SSCC Diqest of Technic 
alPapers, pp.2 7 2 -2 7 3, Feb. 1 9 8 6) fti' 

^©iftXKte^r^eftr^Si^ d 

RAM ( vpylsit&TfilZji*:*)) 3£©y 

*>;ls iKfcura. JW***EJ:9 fefci>*E* 
LS I * 9 7±«:RWfcH» («e«; 5 9*) risa 

mEtt. >*y»fftS5e{c-rafc*K:, ^sph^he 
^fiaic^s^tto^ft^^i/fciE-c**^*** 
o, *©fc»«:«sjeftJt**E*ti»c*s. *fc. 

[0 00 3] C©<fc 5 ftS*{CJt.A*^mE»^[BISS 
i L-r«. tci.Z\mm®¥f%3 9 7 5 6 4 8-SB>SH4 

10043 7#ft tr»63Jhri,>*H»3ii*s. a 7 

K-£©|BlSgl£^fo Cfttt, H^ + ^JW©x>^>X 
^> f-JfJMOSFET (OTEMOSiUS-T) t?7>) 
-J/a^MOSFET (fiTFDMO S iHgf) £©L 

si^fWEosiWffii/T. ssftmE^ff^tassr* 

&„ 0*. Q 51 #EMOS. Q ao . Q S! , Q„*DMO 
ST?* 9. Vcc. V..{«*i*tiiBIE. £*E©J*» 
nmxjbZ, EMOSiDMOSt©L*«,><WE©M 
*Jffl*«EV,tft*. «T. C©@K©tttt£«ijrr 

[0004] Q„. Q^CC^ftSmS^I,,, Q„. Q 
s3 CCfiiEft&®ft£ I 4-P©M0SFET*Jl> 
fftfeflSfDflii-CStif'FL-CC^i-rSi, ^©4S« 
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(1) 
(2) 
(3) 
... (4 ) 

^Q 9i , Q, J ©a>yi'$>^^r**„ 
(4) ««fcD« 

-(B) 



(1) 



••• (6) 

U^Ott (/ci^.{*TTL (transistor transistor 
logic) 3l"i9"7fr®t$&t*5 V) iLrfc*. ^ft 
<kf)*>(a^«E (fci*«3V) ©rt»«W4*^«:« 

. ^_ . ^„ . + . . y p . x 
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6314 4 11, 1 9 8 7i£6/3 ( I EEE Journal of 
Sol id- State Circuits, Vol.SC-22, No. 3, 
pp.4 3 7 -4 4 1, June 1 9 8 7) CCtt. C©#/£ 
£D RAM -f^3 yfv^tt&Tt'-kZJ*:'}) (C 

&©nisg («su s 9 mm ic-o^xumsnx^ 

[ o o o 7 ] mi ( b ) K±EXiK(ciBtssnri>s* 
E>; s 9 nmommz^-r. h*. v l#s*eu s 
9*@«rc*»j. *»«E«&iaKVRiigttiaBB*» 10 

^©4>&!,>£©&*EV»£f&£'r*. SKIWB 
«. *Effi#V,4E0T|g|^©**l>1IEV l *f& 

^DA©2fi©A;ty!iS : F-©'5% > -^C«V R *J^3 
[0008] 

At*. DRAM-Cl^lf, 1 6MbitW±©LS I ) (C 

fftNBtt$ftofc4t*>, ^csf^-rs^a,*^ 30 
isiaufc. c©^n«A*<t>wr l SitsEfsaass 
ccMfs *>©<!:> *e«; 3 9*®mcm &&©4. c 

[ 0 0 0 9 ] SI*. ±12137 ( a ) (C^L/c$*8ffi© 
WS>5». EMOSiDMOSil^ ttH©M& & 

-fx^rfflt^fci*, ^ft6©:|$t4££-t*£©*«u>c; 

4 XS>Z>. ±©lftBflf (JfS#©fc&#tt*i|^ G 4 L/fc 

(3/dT. L*l>ffi1IE©&S<£#ttdV T /dT3£© 

.fcO. EMOS4DMOS4©L*l ! '«imEMV TE -V 
„£#>&9A-*< l.m}ftB&6&l,^e>T s *& 0 

[ooio] EMOS«y-h • v-xnatiE^ov© 

©fc&ttt*. *©LttMimEV TE {;):. KiS«6'Ot^ 
t>-yxp^^a;UF^tt^S|-r2»4. *^j:DiS< (fc 

4^.«v TE so ,5v) mitz>mifi&z>. ttc, D 

MOSttiC (1 ) (4) -C^StlSi^icmiSiEiS 

4LTfflt>6ft&t§£#&s©-t\ mwtm(o{th^i 

frpASfc&Ktt, ^©LtW(«EV T0 ©l6tt«;J:*>>& 50 
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D*#< (/c4*«"V T1 ,g- 1 .5V) WZLMitltt 
t£hm>. lfcAi-.tV I! -V I „BMWS< (tct 
*.tfV IE -V T0 *2V) &9. tftBMOSFET©^ 

t- * )imw®^m®-7u y r ■< wMutcmtshc 4 £ 

;tlfcM-£„ CftCCfcoT, ira^cJ^ftMOSFE 
B, ±§a|8!gI.££ft?i&U •/7 - U-^a>ffJ©FET?r 

m^K^mmnH.&£.m%zmmir2> c 4 (c &&„ 
[ 0 0 1 1 ] _htai37 ( b ) ic^tum&wom 1 ©ra 

H£». 3 ? *[§?§©jtW©££ttit^T#Jf 

snrt,>%^c4-c*5„ — mc, mi (b) <dwm@ 

#&£J:^c|&ftG&WftB, »ift#q^£{c&£„ c 

n*S2 (a) . (b) zm^xttmtz. 

fci> 4 *©JMB8©Jg&8*ff«# te «t c«I!i*f{itB© 
M^0©J: i 5K^ori^c4-r.64, 3pJf#*S0 dBJC 
ScSJSjWStcts^r. <4tBiIft#l 8 0* Ki'ti/cW* 

1-*>to&(CB{4tB&f§B4 5" Wi^St?*S4Ston 

(d<-^) 2#S©*P, («**t6dB 

/oct*6 l 2 dB/octKm>Sj5) {c*$W4fd»*»0 
d BttKfttftllft^JlO. «EEU 3 jr@IStt. ft 

6^cl ( »©B^5%?>^©c4t l *s„ 

[0 0 l 2] c©Wffl{W**t«4Lr«, {ifBiift 

>K • • *y-7-r<a>f- 41/7- f-9 K 

■D--*9y, %2M. • *)4 'J- ■ T>K -V 

>X|± (Paul R.Gray and Robert G. Meyer: Ana 
lysys and Design of Analog I ntergrated Circuit 
s, 2nd Ed., JohnWiley and sons Inc. 

e>; 3 9 $®&<D$Mtftz>®mt. m^commm 
nnwmxM, zowmm., ma, 

«fco-c^{b-r*c:4*t*s. fc4^.B, ^mtmmm 

(b) oe«iilKB©ffl*ao^-/rx*ff*JSEftiy. 
*OlS*HMIg4fl:©JSjft»«fttfca!{tTS. StE'J 5 
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[0013] ±8Bfie3fettfRO»20W»Stt > 

SH£0, Sff'J 5 7 *H«©EiI*"€-©lH#WEEV 1 . 
©BB«{c »r BE&t 3 tix i o fc, 
[0014] *JM!*6B> ±BBft*^*^WM* 

4*»|IUfc. 03fcJ:O*H4fC±iaSf*^J ; l:¥2»^ 10 

^*y{eaWLfcfll*m1*. El 3 «:*$<, vt. iB¥**tt 
y * 7 3 ttjaa^K. 7 bue y s 9*0 
3S©5ti©lfg»j[IlS8 (HEV 3 *s8©9*©si*it 

E»4@»BCCt?B8a«*««Lr*S) . I4a- 
Md»^^A£BK, 2a~2dBi**fflMOS 

[o o l 5] v, hBi**ffl3B^*C£ffl urinate 

4a~l 4dBC©fc»©18S?*S. 7 
BrtaWKWIVt^llSL. Ma^MdWMIVt 20 

©/nvwx * P1 ~ * P < c ©{fjtb. 

^■;l/^»iiaK*i 1 4a~l 4 d©4{B*£©iC>ftL 
t. »BlHBB7©l«t*»r*5. C© 
HE 'J 5 » *[5|?g&c J: -5 -C26£ U fcfliWWWIE V t * 

6T2K*>A:SfiC»E«W!iWC* 0 . &$S©!lf£-r > 
&oT$W#S£©MH4&£ 0 C© 

t , ^KttBK©* 9 ^©Awafflwat"*- i i> 5 ma 

30 

[0 0 16] H4B. H3«cbWSE*»»fi<&.54t> 

fflrolSKill|»g7 a, 7b, 7 c, 7 d tttttfcWC* 
So CSfftB, «E'M vfHKi^'Jl/XaaiaKi 

MteHCtt (CCT?«4*> ©WE'; 5 9*HR#<& 

«5*bbnb mmnmm 3 ©it^tcjt^-t jurat 

B, 'J 5 9 *0»©iSWiB9li}1IWt*©*W)n«. 40 
[0017] ±IBfi£*fl8l&©» 3 ©WH^B« CMOS 

coram*. «»Bitox^©*jttB*«ttLT«fc3ft 

[0 0 181H5B, N^xMJCMOS • DRAM© 



#$32 00 2-2 3 7 1 8 6 
8 

* ji/mo sh7>-^ ^©s^jctaa-r 6 n 2 * jwbh 

[ 0 0 1 9 ] 7 4 • • xx • • %/~, 17 • x 
-•XA18.6, 1 984^, H282M(ISSC 
C, FAM1 8.6. 1 9 8 4, p 2 8 2 ) {Cfc^fSft 
D"D*m>£<£ *>«:. MOS h-7>y^$©^%/J\3 
< L,TDRAM©H«a£±tfTtf< 4. MOSI-7> 
y**©*9 h + y-WCtSX h UXWEOA5T&4' 

©wia*s4D4. cn*i»<fc«){c. *aar&]±©fc& 

£. ±ISX h UXIfE^JtL-CTtfSC 4*J#A6tl 
S. Cfttt. fc4*.«DRAM©J92HK» (Xfa- 

Y^a-^J&i*) &cn§PligSBEV cc , -fe>X7> 
* 'J -te;l>T U-H$(CV« J; 9<SO»ft«IEV 
i ( I V t I < I V„ | ) *fflC>4C4-C*4. tttto 

05 4 J ©-fe>Xr>7'©P?'-c^Jl'MOS l-7>y 

x^ov-xtcoftai-swE^i&K^&v.ti/. mm® 

V« 4**. 

[0 02 0] CMOS • DRAMKte^ 

r , ±a?©$q < J * y r u - W©»fplE*ffi < 

IWfOlSiR. •e©JIH*5p^ + ^^MOS l7>yx$ 
©^•?fy-b^V7^3ai*«:j:*l/ti^E±^-c 

x JUcfi (Cfl5(R3 n/t P 9^ t * ;UMO S h v >i>X $© 
y-xoateasrt^^jgMEV^ N^*;U (P5=-t* 
;UMOS h5>^f©^7^y'- h) ©Sffi*i{4SI5* 
?S«EV ct r*-Si. p* + *;umos h5>yx*K: 

l>fil«E*i±S-r-5. 

[002 1 ] B6B. y-hfil .2 Mm, y-HMl 
0ym©P?t*;l-MOS \-=>^%/^<1>^v9¥-\ 
(N?x)l>) «EiV-X«E4©M (^'7i"7-*-b^' 

So c©wcb. HaW7x#2 venflnsn 

S4, ^0 .3 5VL*t,>«l1tE*i±^'&. M&LS 
IX^im^bflX^^MWMEWc^cMb, IctXtt 
V L = 3VtTSi. 0 .3 5V©t,*tr>fiI«E±i?Bt& 

fWEEoi o^aitTfeo. *ti*«*©s*aase{k 
[0022] *wwmo i o©awB. ±ib» 1 ©p^ 
sc tfc&So 

[002 3] *!6M©fl6©SWB. -hE»2 ©ra»6« 
IB^L/. fiHt. /hrSWiMI. «IWfKJ<WIEy 2 9 

[0024] ^aWOEKfficaWB. ±12^3 ©TO 
Wa^ojmUBttCCMOS - LSI (la 
rqe scale interqrated aircuit) tl(ft"f S C t(C$. 
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[0 02 5 ] *»JU©BWB. ±BUfctt. E«C. iB* 
[0 02 6 ] *IWJ©KK:tt©BWtt. Brt8ISt*«B 
[0027] 

»«C»2fll©FET«rffllr> > *tl6«:-5£E©*«&£?jfS 

[0028] ±iam i ©ra«*«ww«fc«>. 

b, *sy 5***j£<©«ffl©jtffi*ig«rr*$£*j 

**4*b. *eu s yfmmmmmmmo 

KiIil8§ J f>(4W«lHl?§©IBI»S^^b3#.S„ 
B. Sttff*-KC4(Cffl^©»B»08S%Ktf. 
©m^&tturiSE 1 ; s ?ir©ffr/j£TS„ 

[0 02 9 ] ±IB»2©W«B, WEV 5 v *@B4* 
B4 4ifi»l/CEBU T FW*{t#ft£©W»m*HC 

«t r«R/#jiji?©B«*K* zmommmv 1 « 

©HE 'J 3 y*mi&$m*Z>CtK.J:*)l/Wk$ti&. 

[0030] ±9sas3<ma$:mm&it«>. *mv 

B. CMOS - LSI «Ctol>Ttf *;U«(ifciB$3ftfcM 
0 S Yvl/V?* &<Drt y Vf — b xto) HE«\ V 

[0 03 1 ]f^'J->3>f(DFET»f, i> 
M>*y> hJBrL,tl>tf®E©#l&*2ffi©FET£ 
ffl^-5©-^ *tl£>©l,SI.>fiHE©^ +ft'b$< 

r, «raaae3HS«K:Jt^T:2fl©FET©«ttt^ti4 
ciBSSTr*f). 9 3 f>(c££ft£igltE* 
?#SC4#-CfcS. 

[ o o 3 2 ] he y s y*m < (omwommm 
tut-. *h*hKffl*aii«*tfc*e 4 «:<!:->•<:. aw© 

ttSHOttffit-FJCtor. WElBWBftifSHIIB 
©lB5£l***{b3ttfc») . SWfP-t- FC4KW)© 

wnaB^taw, •en?.©a* ; 5rS^b-cmE i ; s » n 

©H«74l,fc») , rsc4(cj:- 3 T. £ffi©S»«:*tt6i, 
5Sfc*E'J 3 **@B*ft5C4*Jr**. 

[o 033] mmv 3 ?*@B4-€-©utfj*WB4t,r 

fflt>S'W*»£BBft£©£ffi@B4*)fi&L'tEB 
T-5C4tcJ:0 > cn6©ra©BB*8©-f>t-f>^4 

/hs<-rsc4^t?*. &£**!!#© u^i^wa* 

C4#Sf#£. */c. r FU*M#fc<!r©*HIWt#iCJ: 



C6) #^2 00 2-2 3 7 1 8 6 
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•»rjw?/*aKi?©H«(c*sa»o^#@B-c 1 <s© 

@SS©» ; S:i)S6TC4^Tf SUB© 

•C, fcE'JS^EIBB, £*mft<D9«aftttiRCC& 
SHKAitftl8«|-rn««fct>. Lfc*J-aT. WWSC 

[0 03 4] CMOS • LS I Jcfc^T, Vxtofplcte 
io f&StitcUOS h?>^X^B, -Jx^SE^rtSSjSt 
mEV u 4-TSC4(CJ;0 1 ^vVf-Yrt-iTXim 
(C J: S U £ I >«*E©-LJ? *l» < C 4 *i"C * *„ 
[0035] 

[0036] c©»wb v «»*sa«:-r**K. 9 
i. !&2. urs©^-^^**, coiiKitt^-rs. 
J:^, *ft*ti©^;i'~:7(cM>T|||«g©jB;Ml&* 
mmw^o&m&mistiz. l*pu cn«. cn6 

20 © i^JU- < ttfi©^©*,*^ s ©T?& (,> C 4 

B. «l!rc*sr*55. t%t>% > 

Ctv6©^-^B. ^ti-etiffi^#r*)»f.5C4 
JiJSJRWte^SB-CftSii^KB. -€-©ffl&£fr-t**S«: 
fc^LT^S©?**. Mfc. t(T©ittWt?W6*>«: 
Ml. 02, »Df»3©^-^B. 2C»K» 

■tt*iy*5awrBac<» k4a,*©»£, c 

4(CJ:0. <t»3tffiftWKS»*4«»i-«tt«r**C4 
B, ^*t?*tltf. fflWL.^^T*6^ 0 
[0 03 7 ] mi 9 to-?} «T. Jt«W©» 1 ©? 
30 ;l/-^©i8»W*iaiHKJ:08ftiH-rs. «T©KW"CB 

iE©»i«E*ifi4-r*J8^cc-3i,>r»wr4*J, Vv 
4f6a-r-6c4^>-cte„ 

[ 0 0 3 8 ] 0 1 ( a ) CC$fS^©Sf| 1 ©^*0!|©EIPS 
®ijjkt. CO0BB. N^ + **MOSFET • Q„ 
~Q S3 4Pg i + ^;UMOSFET • Q e ,, Q„*»6fl5 
•3. V 00 BI*E©^SI5«»t"C*S. N? + ^;bM0S 
FET©«, Q, J 4Q„t*BUSL>*t,^1tEV Te *}# 
-9i>^>X^>hfl5FET («TEM0S4lg-r) "C 
40 Q„BV Te «fc»)t*l>L*l>iB«EV Tee «:»o 
x>A>x^>|-fFET (Ji(TEEM0S4BS-r) T 
JHT. C©liISS©»f / F4iiiflJ-r€» 0 

[003 9] P?- + *;VMOSFET • Q 6< 4Q si 4 
B, y- hfcJctfV-.aSr&Wt/Tteip. lit>(9)^*U 

F W I x 4 Q, , © F V A 1 , 4 ©tb#-5£ 

(os*«t^}ci6fpra 0 *©mittb (s^-E) b. q 

„4Q„£©5£»JtK:j:o'tjeS3. Qai-Q 6J ©^f![ 
50 ^©3SC*JfiE0S:o„ 
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[0040] 

I. = 03« e /2) • (V.-Vt^)' -(7) 

I» = (/3 t /2)- CV,-V,-Vt«)' •••(8) 

I, = 03 e /2)- (V.-VTe) 1 -(9) 
CC"C/3 ct ttEEMOS (Q„) ©3>#?*>X$ 
ft. £ e «EMOS (Q„. Q ss ) 03>WS>^ 
ft. V,tty-F6 1©1ET*S. (7)-(9)S; 

<J:<3. 

V, = 2V, •••(10) 
V, = (V lef -xV u )/(2-x) -(11) 
fcftiU 

x=(a(3 E )/(£ eE ) ••• (12) 

CC"Ca(J*U>h 5 7-[slSS7 0©35-J:t ( I, : 
I, = a: 1 ) "CcfeSo «KQ, 4 4Q iI <03eR*JH-O 

V R = V TEE -V TE -(13) 
4ft£„ TftfrS. liSIIV.iUEEMOSiE 

M0S4©b*iH^tE©g©*E#f#&ti, 

dV,/dT = (V(2-x)) • (dV TEE /dT) 
-(x/(2-x)) • (dV TE /dD 



(7) #^2 00 2-2 3 7 1 8 6 
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fc. V.CDfrbOKV, (=2V.) £SWlE4bTffl 
[0 04 1 ] C<DliIEi4IK©»», 95fB©fiE 

fc&ffiictb^TMO s f e T©#tt*£#sc ttmw, 

ftC£-C*&„ Q„~Q tl *«l«flW*Clllf^3-S«fc«> 
K«, V UE ^2V rE , Tftt>^V TEt -V TE ^V IE -C* 
n«J:l». L.*C>ffl«EHV TtE -V T[ «ge*{Cl:t^r 
/hS< (fciAtfO .7VT*. ? + *)l>tm<DTm» 

[004 2] *IW«:j:SiaK > c«b*(,»ffl«EOjitt 
«#ttd V T /dT©MM*^3<t , SI>©-C, Sgtc 

K *K*©*jS*Kwrs. (ll) SSfiSTKJ: 



(14) 



dV IE /dT4ft3J: 



Ufc*l-5tdV tft /dT=x 
5«:3 9-Jta4Rj£-r*i«. 

v„/dT = 0K:r**. 

[0 04 3 ] ftfc. *@K(Cffl^SMOSFET©^ + 

ftRi©iCIRTft**fil wmlia©MOSFE 

(,>, fcii«5MmW±©^t*;US©MOSFET4 
ffll>Wil>. (7) - (9) ^r(Sffi#©/c&, & 

Witts© fw f- • y - ^raiEtcc^i 30 
#f*4L7c*s, XWFU-O' V-XIBimEfcJ: 
o r b&'pmtt*. * + *;wfi*tfic>a 4 c ©31ft© 

[0 044] HI (a), (b), (c) ©dPSfSi. S*i 
*E*ftSfc»©MOSFET • Q„ ~Q, ,©;*»; 2 * 

m%&^t l C&m? : b£*>t l CLXi>J;i,\ bfrL, MOSF 40 

e t © o # t, >i!SEra:;< y p v- \ mmc kixmt? 
&©r, *©»»*jBW4/c«xc«v-^fc^tlLfc* 

[0 04 5 ] CCT*^W(Cffll^*U> h 3 7-0IIS 

(c-oor?iJEbrfc<o *u>F5 5-ikb, mi 

(a) ©jHWXKffll,>6*lTl>S2ffl©MOSFET*> 
&ja-51B«:i!86nfttr>. fciAtf, mi (b) S/ctt 

*4. Ctl6©IIi8©1$»;J:. S?H$tt#m>CiT- 50 



*5. fftfefc, 131 (a) ©*b> h s ^-EUfSf 
«, Q„iQ„(DPU-f>- y-^IB«E©SftKJ:o 
r3 7-Jrta*Ster*>^fc-r5*i, HI (b) SfctS 
ill (c) ©@Krtt*©£ffc*#d>&i,>. Uc#-> 

T. #»i||K:jMil,fcJ§&. 3 9-Jt*J:»)EIUc»5£ 
r*. J:0S5Eft**«E4S4Ci*J-C*«. *fc. 

U-m&tLru* mi (d) K/rrfJcS 
ft, M0SFET©*>fc9{c;W#-7f-5>J/**£ 

Si trial (a) ©*U>h3-7-@gg*ffll>fcH% 
»lft*S*J. C*i6©£ifcWcai (b) ~ (d) © 

[0046] H8 icxmon 2 ©#ai«*^-r. C © 

SfgttHl (a) ©Q.,*fKKR. l 'Ca*8IAfc«>©'C 
*S. Q.,4Q.,©5@»*>9U<. l»fht>fiiHl««r 
ttttt/C^Si-j-Si. #©35$*WfiO. 
[0 04 7] 

I, = C/3 et /2)- (V,-^,,)' -(15) 
I, = C/S e /2) • (V,-V„-V TE ) J -(16) 
I, = V»/R„ -(17) 

che©Jii), 5 9-Jt«=i. ( s EE = (3 E ib'rtt 

V R =V IEE -V Te -(18) 
4ft<3, lilEV.iUEEMOSiEMOSi© 
b * I >«WE©a©«E*Jff 6 ft S. 
1 0 0 4 8 3 **J6^©1f EEMOSiEMOS 
4©L*tHSl«E©M*. mi (a) ©»i=rJ;f) 
K/h3<'C»* (JSGIW(CBl><i5^3<-r*>J:l») C 
iT&S. -&©fc&. MOSFETCfli^tSCi 
^S6(c^-c*-5„ ML. iiS©MOS7 - n-bxr 
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20 



£^m&ttmi (a) ommmcommib^. 

I 0 0 4 9 ] 0 9 ( a ) (c*^B^©ffi<D*]5t0!|^^T„ 
01 ( a ) (D^ilffl I , 4 I , i©Jt 
i-febcU-Jfi&ictoZ. 01 (a) ©*§£«, 
h 5 OAJjtJt 1,41 ^iti-SiC^o-C^ 

*^Jfe^"C«2ffl©^U> h 3 5-|5|S87 l*J«fc 
0'7 2*SM(CCn^It^. ffcfc^. 4{I©N 
* + *rt'MOSFET#>6J&S-5#U> h 37-08S7 1 

(Cftttittj$©#*3- F0"C*4) # 1 , 4 I > 4 £— 
^tbfC^ilSJ^C, 2<I©P^ + *JHvIOSFET#> 
6fiS4#U>M7-HH7 2*11,4 ( I ,+ I ,) 4 

fctt4. fc4*.«\ 11887 1 © 3 7-it£ I , : I , = 
1:1. !a]S87 2©3 7-J:t£ I , : ( [,+ I,) = 
1 : 2 4-rntf, I a : I ,= 1 : 1 4*4. 

[0050] *mtm<D®mz> q 6 ,©fw>-v- 

^IB«EE*J«H-J£{cttiC4-C*S. 01 (a) ©H 
JtWt?«. Q„©FW> {S- F6 2) ©SEtitiS 
V 00 -|V TP | (V T ,«P* + *3HvlOSFET©t,& 

I,= (/3, t /2) • C-V.-Vt^)' 
I,= (/3 P /2)- (V»-V,-V TP ) ! 
CC-CV.B/- F6 3©SE, (3 Pt . |8 t »-£;h^ftQ *«3, I,: I,= 

;11 Q„©3>#**>;*«llre*4. e&fcosSJ: x 
v, = v TP -v TPE 

4&<3. amHEV,,4LTP?- + *3l/MOSFET© [0055] 0 

[0 054] ^HS&WS, P7T3©S$±K:j&J&3ft4¥ 30 
SWtSfflliaHrc * -5 X S3£*S»«E4^B 4 T 4 6 © 
K«*jitfO{C>TJi'C*S. fl»©J:5K> S$*E* 

©*jSf**aHS§-C«, N* + *3l-MOSFETtt*« 

«^cs^sns©^#at*4 0 ofc*i->r»«m 

E*sa3ttf*4, N* + *;1<M0SF ET©Lt?tM»S 
E#£{fcfa. *h«:#ur. P? + *3VMOSFET 

ttNffJO^x^fCJfjREStl^CT, &MOSFET© 40 
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*r>xmttz. Fu-f>mE©^t«, fh'>3>^ 

© f w >^e«2 v„cc#fcft-a>4©-c, v 
L/Tj; *)%%.Kw$nE.zni c twa 4. 
[ 0 0 5 1 ] 0 9 ( b ) ®HR<Dm&fltte!tJtMr 

*4. C©mifg-Ctt, 2ffl©EEM0S*>6$4#U> 
h3 9-HK7 3*»I,4I,it^etfcKfiMi, 2<I© 
P^ + *;bM0SFET*>6fiS4*U>h 3 7-0S87 
2#. 1,4 ( I,+ I,) &*-JEltKfifc>C4K:j: 
0, 1,41, ©Jt#t-5EK:&fcft 4. 
[0 0 5 2] cn*r©siiife^j«. ^rtifcN^t*^ 
M0SFET©L*^ffi*ffiH%«m4t4lHlSS-C*- 3 
P?t*;UMOSFET©0*t>limES%. S 
»4T4C4<bT&4. 01 0 (a) , ( b ) CC^©t-lJ 
«r^f. Q„f**W0*^fl«EV T ,*8-3P*+** 
MOSFET-C*?), Q, J «V TP «t*)fc(6^ (A"C*6*f 
«#*#(,>) (/tl>fIEV TPE *|$oPft^JbMO 
SFETT*4. Qp.iQp.^^-rtifefiWflPlWtnWP 
LT(,>44-r4 4. ^©2^*5^*3^. 
[0053] 



(19) 
(20) 
1:1. 

(21) 



/3 PE = /3 t 4 l/Ttf-#f44. 



10 (b) fcPMfKCP^ + ^MOSF 
ET©U»l»|B«EII*3Krl4-j-4H»r*4. Cti* 

r©jdt«4©ffljijatt. iw&a (WfiaE) ©ia$£# 

&(c&4. cn*f©^*SW«, S*HEfS£[Hif8rtT 
@«fl<j{c«if^*J5e* 4. <r>*>i>** /< ■fr^S 

©a»r*-5fc. shktcw:. imtttnrr 

4/c&©@?g7 6*tttfik:KW6nri,»4. lftf&SRS 
0B 7 6 K«tl4«iE I, tt> i4L/rffi£JnR 6 , (MO 
SFETraftl/TfcilO KJ^-CJESS. S»1E 

mm^com^wM 1 i , 1 , 4 2 «©# u 

>h 3V-HS87 2teJ:C>*7 5(Cj:-o'r^S4 D fc4A 

(I.+ I.) =1 : 



I,= 1 : 1 4f*itf. 



*4. fe4Ai*, DRAM-CB, P0©*«%fflt,\ * 
v ^±K»Wfc»««EIB4liH5r«aofc«E (3« 

-3vsts) ts««:Emn-f4©**»ar*4. u^l 

@K^ic^r*4. j»tc. NffJ©Sffi±{c)fj)SS^ 
z^mwmmmzx-te, N^+*;bMosFET©ut 

(,»IB«EII*a*4'4-4HB©**iJ:l>. 



50 



«. 1887 2© 5 7 -tb* I, 
2> 0!?S7 5©3 7-J;b*I s 
I, = I, = 1,4*4. 
[0056] *0?8«. »fPMi»3eH»*!!fcfibTl»4 
©r. -k)\<y'U7zl3i£<Dmffii:K)i>, f/Uxmt 
6o*tcj:4tt^©aaii*SiJ>*< . i/ciSr>Tifi 
»©«6oS*Jd>&l>4l>5ft«*J*4. 
[0057]ftfc, 4231/7 ^-fT^*SC©@R"CBv 

■c*4. fc4^«09 (a) ©msgrta, act/^fts 

^B«f^© J: *> (CE«tC V , b X l > 4 tBKr* 
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9, C©t*>'-K6 30«EV 1 =2V,. y-F6 4 

©hev, =v 00 - i v TP i -c*§ 0 bfrb, cram 

iCfc I,= I, = Oil,^$3t^*S*0, C©£*V 3 = 

0, v, = v„„, VR = or*s. @ifg^c©s^(c 
Rl 6 OZVj <- ic B, tctZlMl 1 CCtjVT <fc 5 Kims 
&7 7£tf(.:mBJ-.K P?-f ^JbMOSFET • 
Q ;s , Q^teJ-^gftRn (MOSFETt-Cj^rftBij 

^^S^*(C*^i#«V 3 = 0-CEEMOS • Q„B 
^ItfciT* ^ - F 6 0 tfWfcfttC i-,TS 
f 6 1 Q, , timmmicts: ory~F63© 

•tf&jcSicnK . mss^M* u c ^^ ( ^fcsij»-r i v 

,*W T£E %i^.TQ„ rf>«»ill;£Ji (c & 0 . y - F 6 0 © 

[0 05 8] &(C, $#6W£DRAM(caJ8t/fcffl*7js 
T. 091212. ^*UTU-*J1-»WWlEVt,J:')*> 

U 5 2»f*l9:WfcDRAM©«(SBlT*S. ftsismffiv 

iiisa-rifcfefc. -^ij>jtc,i:*s*iiEa£iiR« 
Burt,* a. ei*, Qa*mncx&mi6BR£a 

K. 24immryy\ 7 &tsi.lfl bB^^r, 3 
0 B>7~ F«H?EI1IS. 2 MS * U -fe^MC «»«CBB 
^Jbfc^'JrU-, 3 3«-fe>X7>7\ 3 1BC7- 

[0 05 0 ]H«ir>^24i2ilO«KR lll R 
[0 060] 

V,' =((R„ + R„)/(R„))-V. -(22) 

tT^sfc*. £>-fbfc^ ; 6';ri/"©«j^mE4t-c 

V,= 1 V. V,' = 3V&6«, R„ : R„ = 2 : 1 i 
-rn««fc^. Sfc. R^iR^^lJ^fCLT, V,' © 

t>. F';5>^©^iLTB, fciiBiIia*H^fF 

[0 06 1 ] /<';7r7afcJ:Cf7btt, V,' ©m* 
IBBlfi6^*i««?)*/t»©llK-C**. ;<5»7rtt, MO 
SF ET • Q,i-Q,,i*ijfeaS( I ,,^6SE5MKlT>7' 

1, MOSFET • Q a ,i1t^a(I a7 ^6fiSSffl*l8(C 
«fc-3"CflHS3tiri>S. ftte. 7 b©ttRtB7a&N- 

&©•?. la-cBiaiss^istr**. c©@b&b. m^j 
^©t, aavn, v lt ©«E*sA*«Ev,' (ci§n 

*3J-9(ciW*P'j-4. Tftfofc, SEttB*©**f|g 



(9) ^2 00 2-2 3 7 1 8 6 
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i», v„b. -en^n-fe>^r>7", ^y-tzA/©?- 
K«*W«rr.&©{c,m>6*i4. **WJ-CB. 7-F 
«*E4^*';rP-©«>f^«E (CCriJVu) J:0 

S. ^©/c&JC, 9-F«fflEiai83 0*»tfr*5. 
zotc&ic, «7-F«ffE®B3 o*aswr**. fctt 
U 3 0©«RB. i1-g|5®®Vcct , Ba<F , ig|!^V l2 

10 ¥CC^E3ft&. *7- F F5-f^3 1 B, Gib^x- 

[0 06 2] *§UiWcfflt,^n-ct^-fe>xr>^3 

3B, P^f ^;UMOSFET • Q„ s , Q„,iN?t 
*Jl>MOSFET • Q„ ; , Q^.ft^fiSS, ^©CM 
0St>X7>7'T*| l . 3 3B. KMC. 
/^(BU^MCLTMOSFET • Q,,,, Q, 17 £ 
mM2i£&Ctl,c£*), eibSni. fcfc'L, Q„,© 

y~*B. JWP«nvecTtt&< wasmaivLKastis 

ntHiO'C. 3 3BlM¥-rsct«:j:«j. f-mo 
20 ffiu^HIJBV^K. ffi u^JHWBKHmfiiCca 5. -f 

^-^^jseBv^fcw/t^ns. 

[006 3] *^W*DRAMfCj3fflLfcffi©* 
*W*«^"T*. SI 3B**M8**!JOfcl 8MK» 

h DRAM©Ih1S§0, 01 4[W"^flU^7^ FH, 
Ell 5BSEU 5^1 3©S¥*ti|U-fr'J? I-HT?*^ 

afc. u-fr^ Ftaccte^TB. (s#©fc&> -mom 

PStt8aK*«eLr*a. H*. 1 2 
IWtUTU-. 3 1B7-FF?-Y^\ 3 2Ba^f ; 
a-^> 3 3B-fe>^T>7 - , 3 4Bf t -£ii:/';*t> 
30 -i?H». 3 5»^->«jW?iaB. SeLteJci^'Se 
R«*-f 5»*Btt, 3 7tt*7Af3-^ 3 8B^-r 
>r>7\ 3 9(^-^^*777, 4 0Br-*A 
*rt»7r, 4 1«#ii*iaiS > 4 2BO>7TFUX^* 
?7t, 4 3B*7ATFl/X^-;77, 44Bf-f3 

>y^4iHis§, 4 5«-b>xr>y«K»^i6*0SS, 

4 6B-7- F««EE»4HK. 4 7 B^- ^^7* 'j * t 
-y«E»*ia». 4 8»««1tEI&£@»T&S. * 
E 5 9 *§|Sg 1 3 ©*© 6 B*I6W(C «fc 4«MEI6 
*@US. 6a«KE£ftBfS. 7 a, 7 b. 7 o (tint 
40 0K, 4 a, 4 b, 4 cBgittV S5 ©^>f : ^>^'C.y 
F, 5 a. 5 b! l m%mmmRVc<<D#>7 : -< yV'iv 
F-C*S. 8i|i*E#&£[Hl88 6 B W*ii*E V c c <C 
CTB5V) {C^fC^fbSilV*c«EV, (CCTB 
1 .IV) "SrlB^L/. «E^8MhI8S6 aB-enfnv,' 
(CCTB3.3V) KSOft-r-S. KM&». V.' * 

^>i{c. ^^yru-ffiowswEv,,, jsamssffl© 
sasiEv L! -&^-ra. c©^jrB. v tl , v t ,©« 

[0064] *^«©-» 1 ©IfffilB, ^aHggKfc-l 
50 E'J 5 v 5f@K*)SfflL//cCiT*S„ V L1 B4 5tecfc 



(10) 
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V4 7K> V U ,B32, 37, 3 8, 40. 4 1, 4 
2, 4 3. 44, 4 6. 4 8 ItZtl^tl&l&ZftZ, t 
r- * Htfjx 7 7 t 3 9 £Uf-®BBBft Wig 
*EV l ,t>KBV ll 'C»fl?r&. 
HWEV„ J: 0 fcffil>3S£fl:3 *ifcWEV tl -CKlfPS i* 

[0 06 5 ] *^W©»2©«rfiB. *E'J 5 * * B 

nsc^, rtSpmastmEv^. v^obbibi u, i 1 10 

fcib. V Ll , V ll *«B4 , rSiattO»ff36JS5£*>ojBf 

[0066] ^.m&viomsomku, mmmo-ftm 

T, lE'Jif $IKI©*>7 ! ^ > » F 4 b B. 
f6©E,i8fl§©#>f t -f > 9 K 4 a . 4 c 4 BJWcR 
»4. ctuctO. &@»#IW**4*{ci£n*«tS!s 20 

«fc tNm§£&IIIK©miB»c8m#£-r £ 4 . rtSBrn 

aaitEVt,. v li ©u^;wie«iu ^2-7'i*i©t3^ 

t-J-^TOBBfcHate*?*.*©-?, C©BBilS8B«J 
JS<U fro«©^BK4B#*UT*j<C4*iS* 

LTB»©IR9aL»fr&^*44t0^rfcJ: 
l>. tfC, EKCB^LT^frl,^, ^*'J7b-ffl©S 30 
tiSBilk. f6©B»4«^ttl/-C*J< C&jPIKU*. 
tttffc&B, DRAMtiJ, i2>X7>7"*«ftIttlf^ 
tf54*. ^©t 1 - £88 (*©g«B3Mtettt£fp 
F) AWttCftttllSti. «JftS««:*t&lit*JJ64 

[0 06 7] $j|ttfl©Jll4©*5r«B> *88ffi*©:£i£ 
&t&£ 0 {Wt8WEV C cJl©#>f t 4~>9*i KB. 
^■J7l/-ffi05ai l Mli2tilS§ffl©5 b 4"CJ3iJ(Ci8! 

j<* , J7U-ffi©|g«lliK7aB5 afc. $20 
SSfflOfEJt&lBliS 7 b , 7 cB5 bJC^tveftjfflgLTgB 40 
ST -5,, CftKJ:»J. WWtElOa. lObTOSfE 
BTfcffittc**. ^ ^ c ©«EP^T» liSSBifttsI 
KSTSRiR-r -5 J: 5 &c & o T t, > * # , |t$T##* * 0 ic^c 
*(<>4!WKt,*tt&<tt»). FW«S*EV ul feL< B 
V tI ©ffiT*iB<C4#*S. CftJ&BKfci&KB. * 
1S«W©J:9fc. Sfftl 0 a. 1 0 b©^ 

*/M<* *e:4#ss*u>. iHHiaii8ffl4^*';7L^ 
-ffl4-C^>f ; -f KfcJMWRBfcOB, ±$© 

mm<D®& 4 im HBtfttft? s 4 * K*n * nmtc 



#582 00 2-2 3 7 1 8 6 
18 

^msm&m<owmt. cctbs b agists u 

[0068] ftfe, HKBml/Tt^lr***, ?-ZW) 
^-^ 7rffl©S«iE«*jJ:0 t ««liBI«i > ffi©StiSS«S 

BW*fi«r (jI^HpF) *J^JWt3tiSfc«>. aw 
BB^tei tfHiKIBi! (f-fffl^777 Bftfflnm 
EVcc-CiSftKiffi-r*) K^*ttHfW«at 

[ 0 0 e 9 ] «r> $f^tt©£Wc^T#«IKfaw 

fa. 

[0070] s-r, ^nmE^ftHRefco^rat 
a. mmsmmmtLxit, mi (a) ~ <d> , 

08 1 nc^Lfcl3»*/8t>SC4#T*S. CC 
•C. m,i£©J:^c. «Mfl^©«*&iJ>&<T$fc 
JMCB. &MO S F E T©^ » * K B-ttl-etl© V 

-^(csiiM6-rsc4j!iiaii/i/>. fc4^.Biaio 

(a), (b) ©EISSTB. Pft^MOSFET • 
Q„4Q„4©LSt>»tEg*i®MEV ll 4&$. 
C©»^B, Q 7 3 4Q„4LtB, /t4AB016 

(a) , (b) (CijVritiSOP^ + ^MOSFET* 
ffll>nB«tl.>. IHS1 6 (a) BH79 H0, HI 6 

(b) BWiiia-C*4. 0*, 1 0 lBPffJ©*«#S 
10 2BNfO'7*;K 1 0 3BN + l£|Sfll. 10 

7BP + J&IW1. 1 0 4B7-f VU-^g>ffl©S i O 
1 06By-F4i&S^e B B H ^Ua>t>U<B^ 

k, 1 1 3ummmmm, 1 o sbgmw. i i 5b« 
m 1 1 6B3>$^h?Lr**. v-zit&m m 
omiop+mm) 4n-?*;u4*s. ib«»i osic 

i-^riisnti,^. c©*a-?-*5El l o (a) , 

(b) ©EIBSH©^- K6 6(C|B^-f S. C©«®Bii 
^©CMOS7 - P-feX-CfPSC4^-Cf 5„ HI 7 
(a) . (b) B, ****-«IStCUfcWT*a. 
0*. 1 1 lBN^©Sfi> 1 1 2BP»5©9*Jl>-C* 
C©J:5{C. ^xW21»bt, mw© 1 ?* 
JH 1 2©^<4?rBIS (/c4ABS«&) T€.C4fCj; 
»R1 1 1 4M0SFET©^*-vi'y-h 1024 

tfuamcv-JuKsti*,, ufc^ot, -?-n6©ra© 
!^P4BB^«:«c<-rsc:43&s-c#S„ a«i 

i imt±z.\mw>nmvc^cmm-ttitt£i<\ com 

jtBa«©CMOS Vn-kMcv x)\>iB&LlrZJM& 

[0 0 7 1 ] HI (a)-(d) . H8> 09 (a). 
( b ) M 1 1 ©EIls-CB. N^t^MOSFET-Q 
ll 4Q. 1 4©L*l,>««E^*Jffl»«E44*. Ctlh 
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0HP&*JBd>*Mte«, B16 (a), (b) S/cBH 
17 (a) , (b) tc*5l^z»«JI5«rii!tCLfc1»Jt©N 

[0 0 7 2 ] i«lE^t^/cfe^0MOSF 
ETH1 0 (a) , (b) ©Jt£BQ 73 4Q,<, 0 1 

(a) - (d) > 08, 07 (a) , (bK HI 1© 
»£BQ.,4Q„) ©WTtf h^*->B* 
K£|BJftH#4U EM.*SUfo*>W-KtZ<Difi, H 

U fc4Atf, 7-X« KM>*aRJi±©a>**F io 
?W)Bll*ffitBI-«:T*ciK:J:0, 8;ftlifitaO« 
PSI^DCCTSCi*^**. */c, * + *-rt>©#rtJ* 
HCK*4C4fc«i:9> (S«BI*WlKJ:*»IMtO»D 
i^£ft<"f C4#?S* 0 
[0 07 3 ] 5WC % *E^0K6a<coivtji$<*a. 

tiEES»H«oHWi*atia 1 8«:flvr. h*. 24 

ffQ 4f BP* + *Jl'MOSFET\ F<~F,Bfc»-X 
ChKBa-rSSEHW^HSS. 03 7, 03 

9 (a) mwastis©^ cnt#JHTtiH -JM! 20 

WCft£r*6 5o C©@&§B. atSMffVuO^K 
{g©HEV R ' £#fc£T£ 0 *te. W6:/P-fe*&£fc 

[0074] mbmrnm 4©A^f©--#fcB, v 

***A#3ft* tttffcBV,' £M0SFETQ,<~G< 7 
EEV/ B^Str#*6h*. 

[0 0 7 5 ] V/ =((Rtx + Rtz)/Rt 2 ) • V R 30 
ccr, R T1 BQ 4 4^Q47*6**H**'MWlKlKi 
b»tXb1ttS<om»* RtiBQ,.^Q4i*6**H 

-X*WK , r4CitcJ:«JRTi. Rn***)*©^ V 

4H8t4Ci#t*4. V R , V/ OlWIt, 
fjaS©J:5tc*n*hl .1 V. 3.3Vt?*S*6, t 
»-X*WKLtt^4frBR T i : R T * = 2 : 1 4bTfe 
< 0 V R > 1 .1 V©4*BF«^F,***f1"*t4«:J: 
0R T ,*A*<U V„<1 .1V©4*BF 7 *WKT 
4C4KJ:URTi*rt*< l/C V/ 40 

* < Btfti&ir* «fc 9 tcawsta c 4#r# a. 

[0076]MOSFET- Q 4 .*5<tO f Q, t Bf-^ h * 
-^©(fcfc&CV/ = 0V4t-£/c&©k©-C£>£o r 
Xh*-F©4*B«*T,#V C cU**fcft9* ffl^? 
V R ' BOVfcft*. 

[ 0 0 7 7 ] 0 1 8 CC^UfciaBBv «WI*4 1 0 

04 3 7^cctBttsnt:^s@i»ccit^r, si?£©mo 

B, ttttJUEV/ *^Wf*fc*©* : f'4Lt:. tHn 50 
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*JB^Tl>fc©K:*tU HI 8©0lfrCBMOSFET 
%ffil>Tl>£ 0 @SS©m««*^fS«T^/c^CB, * 

Rftmmm* ©»wwto*tt o a^ < <«h r qs 

fttttiBftfcft^o ii^©M0S7 4 P-fexrB, s 
!SJ:t)fcMOSFET©##. /hOTfr^1KfflK©At 
l4R?«sft&ft£. fcttU M0SFET*JBl>44. 
^(Db^l«©»CiotV/ ©^tt^Sfcf 
ZCtifi»&2tiZifi* MOSFET©* + *JW«- * 

h * v - * &cgM& u r S^S{4^«t;©«aP* ma t> > 3 
&(c 0 * C>ttWI£©« feMi£/*/C b * - X©W 

Br^S«ra^4C4CCcfc0, AWTC**. ft*, C© 
h y 5>yfCjfll>*MOSFETB, g«Sti$Il(j©gJ 
*^ft<TS/ca&, 016(a), (b ) *fcBB 1 
7 (a) , (b) «C^LfcflKBK:TSC4*«a*U>. 
[ 0 0 7 8 ]S«mEV R . V.' ©*WB, ®ift4© 
ffJHcA^ft^S©* + >^*4ttJjni/Tte< ©#34 I 

ctiB, v R , v, # ©wjaiRic*f-ra^>t:-y> 

£ 0 fipic. 01 5©<fc5fc:> V R ' ©E«U 2a#*fr 
4»rffl©EIS4£2l*Sii£K:B, HE l J 5 v 

©tt^iS^b-ra («!B4i»jh-rs) t 

©IIfi£01 9^#MUT^T^ 0 

[0 0 7 9 ] »0S§7 a, 7bB> ^ft^ftV R ' 
6««ti8l(l«B*©**^*EV L1 . V ia 4ffS. C©V 
Ll , Vi,I#. *4C^B^;^»^Hi81 4©J:^*V 
L2 ^^4U"C»jf / P*ra[lISS©l±i^ (*©*El/^B 
V tJ ) ©E«l 8*JV/ ©Ed* 5 , V R ' ©SB^12a 
4J£^Lr^S4, 1 7a-M 7 cfc7n-rj:5fc, EiR 
M©»ig*Cc,*^Ufc»a^^^* s *t'S. ^©^ 
-^CMWWl (OdB) Jj0**^4BRH*SU 

1 J: 0^3 < r t*»3W>ftl*4H»IW#^RS«:a 
^ 0 Ztli$±?Z>tc&tiC\Z s v.' 4»*4©ibk:c 

U ;U-^©fW^+^3< (te4i«- 1 0 dBfcl 
T) LrtetftfJ:^. 

[0 0 8 0 ] ccrffli^^f^^^o^S©-^J 
4020(a), (b) tC^To 020 (a) BW7 
^h0, 02 0 (b) BKffliar*S. 0*. 10 IB 
P?g0¥aM*g«L 1 0 2BN»©»J*;k 10 3BN 
+imm, 1 0 4BT-fVU-t/a>ffl©S i O,, 1 

0 5By~h»m loeBy-hift^^te^^ 1 ; 
^ > «> u < B6R, 1 1 3 tzmmmmm, 1 o 8 beds 

If, U5BMM. 1 1 BB3»^har*4. 4 s 
f^J/*B, ilS©MOS^i-^-^^4|f]DJ: ; 5>^, y 

- H6IM*B3^, h 1 0 6 4»«^ffl 1 0 2 
a4©mfc»J«3ft6. ^t^ % >»liLtIl^ 

- Htti«tfflt»ri*6fc»fc, it$5W^®WrA#ft 
#«s*w#6n*©3W«f»"c*s. ms©m 
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-#i6]©mE;w»pstts#>ir<3, *©<Kiig»BB4 
^ ir-jer * 4 4 1 ^ 6 „ c ©* * nis * tff 

t^V* *fp&fcaE>«:«FKlS*jiJirr io 

«,>. 

[0 0 8 1 ] ig»BKf7a. 7 b©-*a*ffi*H2 1 
(a) iC^-T. H*. 2 lKjUPMWVftQ, MOS 
FET • Qn^Qai^^fiSSo 2 2B[itf>KT*9. M 
OSFET-Q,.~Q„*>&(Ra. C L UgBttllROft 

ffi o*yru-«>KBJS>a@K) *9ffiW«cio© 

©A#*F-©5%. -fKBiilEV,' JtUAflS 

4„ LfcaJot. c©0KBv tl (v tl ) #v,' ccii 20 

Si^Kttf'prS. 23B2 1, 22*>6fiSiJ»a 
r*&„ MOSFET • Q,.~Q 1 .«. WllSS^rS 

•sfc»r*s. r&tofc. «stttt»©£*ttf , *hfli 

i, (v tl ) e-SOxfc&S. *fc, c©4f? 
bq js . Q„^NijitWBfc^sft:». mnormmt) 30 

titfjStiS. «IS»§7c©-||iM#&*0 2 l (b) 

K^t. c©msg-ek. ?stt{t©#« a ' t>mw<>i><D 

4$B> m;*jBi«-f c©0 

mmmmti b©**nMnwr*s < 7 b 4 7 c 
BMJUtc^snri^fcto) ©r, ccfcttWcffitl 
fflIHR»lttrct>&c>. 

[0082] ff&©J;9«:, ffi«liaK7a«V ll * > 7 
bi7c4BV lI *l8£*Sfc»©HHr*4. Mfittt 40 
ItCB, 7 cBflKcJSttfbSft. 7a47b«j<*';*s 
«fft«l©4*0*fiStt<bSnS. *©fc». tSttlbfl 
KglcVc^^K 0/ 4*,' 4B^*U© 
ttff*-f 5>^ (*-f 5>^©PHBBaaKfitoTVce 
U^;VCC/«c5. 7-XK-l-'©iStt, , , 
Bt^TffiK.Mt&O, hft#TE#V cc 
U^JMCfc*. C©4*V La 4 V lJ B*iCV cc (C^L< 

ft*. ChB. ftflniffliEta&iiAiLT. >*'J© 

SOKE**?**. «aKAje»BV ll 4V l> OiLJ:»J 50 
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fc^KTSfc&K:. <t> l ' . </>,' , fc-f^tiStt 

- F»tEV c »te«fctfa«WEV I> *IB£-r5©{cffli» 
*CT. V„*»J:D c V 11 ©«EU^;l/*tWHa 

*>6^n/c4t(c«/ sjgttftraj: 5 «:•*-*£. c 
ti6©*E©3esat*J:< , r*c43&s'c*s. a*, js 

ttffc«#*,' . . hit#TE© 
KU'<;i/4V ll rj&<'CVcc4i/r^*©B» P^-r* 
;bMOSFET -Q,,, Q„t:1&miC}mMW8ilCtl 

tear**. 

[0 08 3] ntBR7 a 4 7 b 4B, 

A*<a»ntia6tti.». >*yOT»mfflt©£#. 7 
a 4 7 b tttitt (m-m^-P f ) ft#^fi*igisj 

*4*. *»©f s -*IB*l8ltiLttwn 
fc4*.B. ^-^Stl^gSSrO .3p 
F, plB#{Cli{ / FT<Si2>XT>7'©ti[48 1 9 2 4f£ 
4, £it©!g«B2 5 0 0 pFKWi. *©/<:«>, 7 
a, 7b©HtfjMOSFET-Q„4(,TB, ft:4*.B 
? t *JHli/?- 1 * JUfi* 3 3 0 0 0 m m/ 1 .2AtmS 
ffi©t>©*fflC>S. 7cB. ^*V^«W$©4i*Ct 

y - *«**«iE-r sss©SOT«j^^*nBcfc^ 

©T, ^©ffl^MOSFETBl 0 0/um/l .2ym 

^<ft0Tg r ^^<fc^K-r4/c*©^©-c*^ o v tl 
4 ©rarfi^©SS© 5 ^ g=-^c o ^ 4^6t* 

4. C©EISg©-W402 2K^-r. EI*. Qi. Q.. 
Q.IJN^t^MOSFET. Q 4 ttP^ + *;UMOS 
FET-C*4. N^ + ^MOSFETOL-fr^fliaE 
tVx.i-rSi. Q,ttV ll -V ll >V T ,©4*tC. Q, 

«v ll -v ll >v T .©4*«:^n-e e ti*aTS. tfc^ 

-j-C, V l ,4V l ,4©«ttHBV T(l Ji<rt{C«)fcni.. Q 
, ©y- h 5CB*aBtaAitfft(c©*i« K;MC& 4il^ 
wK*iA*snri,>s. cnB#cc, v ia tv L1 4©^ 
^©B$£$#A£<#i&6t&£fc. *ffiH36i&ra©t 

P^±t"-S©fcW?a-C*.2.„ Q,, Qj , Q.Olvfftfc* 
*M©18^t , t3>?*S>X ©tt^W/jN SIXMOS F 
ET • Q,B*ffiOtt,^ 0 cnB. fc4AB>* I J*' 

ftmtmiciibmfc. v ta = v L! 4-r€»afiJ4*fc-r 0 

[0 08 5] ^*U71/-2rtKB. MOSFETQ 
^ • l + t^'^f^^-f^s 7 'J •fert'MC, 1 #s > 

7- KiiWL, 4t ; -$«idl, 4©^c@eg?nr^ 
ir»&if>**. ^asKB^c^stieaesnri^. 

->*C 121 ©-«PL (^U-h) BB**fi6K^-r 
4. ^©SEU^^BffiKt?***!!. tt^jiC,,, 
©WE©H,^*> &B, ^'J7l/ -©ttf^SE© 1 / 
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2. -r&fc*>V L1 /2#ll£U>,, 
[0 08 6] "7- F F7-^3 IB, 

fWU (CCTBV U = 3.3V) J^fcflKf*. l> 
* "7 - K*Jr-E#S*8ffl IW*. C ©773;©f 'J 
^*V*;l/©gmiIE£At<'-Ci*SC£-C* 
5. %<Dtclt>> •?-FWtEE»4@B4 6rflP6*ifc11 
EV CB (V CB >V La ) tjWR3*i*;7-F<«tc(WM- 

So io 

[0 0 8 7] 42>^7>^3 3W, 7~Z&±.<OfktNt 
*;UMOSFETQ 1!7 , Q„,*6fi)E47y j^7Bj 

7 - {Ccfc-pt«fiS$ti-r^-2>. •fe>x7>7'B4> 5 £i«u 
■"Ok /4> t ^V^t L/-CMOSFETQ,,,, Q, 

[0 0 8 8 ] 7 : -*^^ -, ;^t-y|il8S34B, 

5£f £fc*©le|irc*>£. ^'J^t-ym^^P^EPttl 20 
•fSCitCfcoT. MOSFETQ ais ~Q 131 ^jiW 
»Cfc»). •f-f^DL 1 /DL 1 ©«EttVpK^O< 
&S. f'-flR^'J^t - S*tE V P BE*©* 

B, v Ll / 

[0 0 8 9 ] ■f-if|8JBi)?BB3 5B, *7Af3-? 
3 7©ffl**T»*«WC. jBRStifc^-flSWiMO 
S F E T • Q, 3 j , Q 1J1 *aL/'TAW*«I/0. /I 

-#3 7BSKC Iffl/cWEBL, ^©tftfj #,>£$$© 

[ 0 0 9 0 ] $*J60!rt?«. •fe>^7>7 , 3 3. f-* 
©^-t'JTW-T^WTS, l*i9>6~>^7 F-fe>X, 
B, 3 3. 34, 3 5 CitCfcD, ^©AW 

mn%fii«-ra©«:W«rc*s. *©/c&. y*yru 40 

-£33. 34, 3 5£©ffflR:, X -f •» 3MS# <<> s „ i 
i^3 6R*5|9:WC)tlTt,^„ 

[0 09 1 ]^O7>7'38, f-Jffi^-;7r3 
9, f-^ , ";7r40, Sii*@K4 1B > 7 s - 
3f©Affl^©fc«&©@gg-C*S. Rffl L,©»£B< -fe> 
X7>7"3 3K-7-??3tlt:i<>*f t -f* J v AtU^)*l, 
^-f>7>7"3 8, f-$H)^j7 7 3 9^lt. 
f'-frffla^DontfctttfjSft*. «&*©»£B. 



12 002-237186 
24 

^?7 7 40, »aiSe»4 1 *^-LTAffi*IRCcK 
SSti. 3 6K^-*«j§MHl8g3 5, f*- 

5(C. 38. 40, 4 l«fla&*iE*EV ll -Cl!&ft3'tt 

Jrtt^»7T3 90#B, j*8H>$?7*-X (CC 
r«TTL3>^^JV) ©#|5£±. *t»wiwiEv ct 

( = 5v) ■cttftsn-c^s. 

[0 09 2] n«77 FWji7t4 2. *5A7FU 
X;<-;7t43B, jW7FW*fi#A£*rC, 
-etlD^-f 3-# 3 2. *7A?3-Jf3 7K7FUX 
ff^fcfltt&TSBRr**. * -f* 5>f*6£EIB4 4 
B, jWMWWS#/RAS, /CAS. /WE*** 

r . y cDftffKiMKe * 4 s y^m^^rhWi 
pgr**. cn^»©iHi8S*>. rt»wtfftVL,t«fp 
s -sr. : <mnt)ow&tM'$om.\t*m^xK>z>„ 

[0 0 9 3] v - F*8«EI64HI!S4 6 B, ii$©<J: 5 
K. 17- F*g*EV cl) (CCTB»5V) £#g£T&lal 

fflsn-s) . 7 : -**a^y? + -^mE^iiiss4 7 

B, f : -$^y? t-^WIV,) (CC-CB1.65 
V) *«£*.5ia»r*S. £««Eft£iai84 8B. 

^mwmmmtui,ms.v> t (cctb-2V) 

£-r5@K"C*e. C*ie>©[HB©®fB> Vcc-CBfc 
S3E^tStifcV ll feKBV l , , C*a. *©fc». 

[0 09 4] ^CC. C©DRAM©iettL©i«£©»ft 

4, 02 3©i!j^»04#ML^6^-r^. 

[0 0 9 5] ftWtte (/RAS, /CASikKiSW 
©£SB, f- y ? + - yfi#«pte JcO' 
X-f 7*ft#<*> slu , ♦...j&iifcKJSu^ ( = V Li ) 

f-»DL, /DL*5v,«csse$nr^ 

5. •te>X7>-7 , jgKi<i-^* 5AN . ^sApfc^^A 

m*«i/o. /i/ofcv P tc^y* + -i'3n-ct> 

6 (cnCO^y^t-^HKBEIl 3KB^3tlT(,» 

„ c©tK»WB. *EU s ■yfrojgadlBlSSrSttfb 
ff-^©^^. ©MSU^A ( = V C< ) . 4>t' . 

Bfip^^r**. Lte^o-r. ift**#©'M 
i>#ISBtJl©IBJtiJliI?g7 c©^^rSttfb3nr*5f). c 
ntcj; o r rtgp^iS^Ev L , © u-o $ nti> 

So *fc. «H0R1 5*ai/TV ia ©U'<Jl'i^f3 
a. 7bB#fStt«WC*4. C ^"TSC ittj; 0 . «f 
[0 0 9 6] /RAS *H6U^;UK!5:S£ > S-fSffllsl 

teas, cnfc^o. mxmutxo^^i tifimn. 

fkSn. V l ,*«Bd:LT:«W¥ , J--5JSiaHKK^:«t* 
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iv ( = ov) jc&o, SBRSftfc^vruHlW©;^ 
Esn> k*«j©x 9 # (02 3©j§£b 

« s „.) BOVK&S. * s ,iS^50IJ, 5X©cfc5 

&a sec j; t . > x 7 > t'©* BMiBaa© «t 5 k 
v ia f*S3&s. *, lll .©u^;i'*JVi,r**i ( 7*-* 

^©WWtEfcVt.-VT.KfiTOri/*^ (Vt.BN 

r+*;l'MOSFET • Qm, Q a! ,©LSWSm 

E). ^..^ffitecita-jtCMRil, ^ 10 

* v *>i><DmwEEimtz c 4*jt* *. 

[0 09 7 ] &«C, aWF^-;7r4 2fc^Q 
2r"3--y3 2*Wp-f*4> l*©-?-K^WL,*J 
SIRSn. *©WE*iV c „(C&.&. WL,±©S^*y 

utt^Efb-rs. hi 8©»ffiis»tt, y 
t/^$K*wcwsft (*v tl ) #88l3tra> 
fcHte©wc* 0 , $mn l , ©*(4*j*3-r*xc± 

/DL 1 £©|1BtC*{4£t££CTt>*. 
[0 09 8] •fe>^T>7 f ©»jf'PK5feji:-5-C 1 >*'JT 20 
U-ffloKftBHBSttfMi*!*,' jWKKA* ( = 

40B4 5K:*««*fla&-C*4J:5KftS. * 
^flsu-^i/ ( = v L! ) > /<i> s j)mi"<)i ( = 0 v) (c 
ft*. ChKJ:<K MOSFET-Q,,,. Q„,*9« 
* 5 »„B£Q, 3 .jI0'ag»3tK <*> 54P B 
Q 137 ^jiLrv ul tcgiK3ti^o c Victor, 7 s - 

(H2 3CW&BDL,) BV L1 K, ffcfr (02 3B/ 30 
DL,) BOVKfe*. 

[0 0 9 9 ] /CAS^fi^KftSi, *5A7F 
W!r7r4 3, fivix.f'^ — ^Z liWfeb, \% 

#0 Yl *iflfiK;V ( = V l3 ) ^-**iW?llH, 

7>7*3 3K7 5» g^tVTt^cf-'-SB. AW^JH. * 
-f>7>7"38, f-$til^'^7 39^Lt. 7* 
- * HtfjJdtfF- D ontCC tftt S ft 5 . 
[0 1 0 0 ] /RAS^iliU^KCRSi. &?K>- K 40 

*shr, *,*>7C©U^^{C»J§-rS. ^'JTlz-ffl© 
IB««KiSttft{t# * , ' » C C t? ffi u*sjM = 0 V ) 

c a s m w<Mcmz t . Mi2iassffl©ig«)iEiss?stt 

itff fcffil"** (=0V) KttO. 18160187 

[0101] «±©WH*>&W&*»&J:SK:, BM15IM 
©tsttfbfi#*,' w*,' ». *ti-etisg«Btt£* 

K©*H5U^JKC%*. -fftfcS, <t>t' B-fe>*r> 50 
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^©ftffflittiair* 6/r a s *j« v^Mcmh t v , 

B/RAS*fc«/CAS*JffiU^KC*Sitf 

a , 7 b Vim 3ftZWl<DWfS,ifimi'C S 
[0102] «±S4W bfc J: *> IC, #^j®Wc JcttB, 

ifj© f e t isj±© o 2 t mmiimzmw t r zwmK 

E TBI±©!Btt*£tt S C 4 Br 7" V — > a >Jg 4 i > 
^>^>>hJgOFET©^tt*^ttSCi«tO«>88 

uta&^t. fc4*.«li?a©^* i ;LS I ©HE 
'J 3 » * (CJIffl UfcflH^ J: 0 K£fcl*)SPi'if SE£f£ 
£?*C4#ST?*a, 

[0103] ClfS2 ^-73 fcTF. Hffl*#)HOt:* 

•CB, iil/T*»W*M0S»IB«:J:4^Wiait«: 
*»W«flfe©*^«!I, fc4A 
«^^-7^B i CMOSK««:j:SiNM«6»cfc 

5>-^ ^©ffitt^ 4'^jEfc-r S C 4 tc J: o X^mift 
[ 0 1 0 4 ] $T\ *2©yjU-^©S*«38:*lliWr 

[o i o 5] m2 4&mmm*^t. a*. vl#i 

mE.V Ll ~~V ls («T. V Lt ( i = 1. 2, 3) 4LT 

iftwts) «eu s ?*bbvlb. a* 

mEI£*lHlS§VR4|g«)lilS§B a -B 3 (Ji(TB, (i = 
1, 2. 3) 4LriftTOTS) 3ft>6«*. liM 

@kvr«. mnmwzv^m&icxzmmte 

l»S3Ea«EV.*l6*l/. SlgfttHSSB, (B,~B 3 ) 

B, V.fefc4{C«IMK)ft*©*#l>«EV l ,tlB4 
f*. SSgttEIBB.B, MWHIA,&4BffiMfllian 

C, ( i = 1, 2, 3) *>6RSSo Z»~Z 3 B> HE'J 

* 3 b» *ti*nii«HBz 1 ~z I *«i)prs*-/5> 

mitt* j $><?m-c$>z. 
[0106] *mmm®% 1 turn s » #h 

?§©fl#4%Srtg|!|BISg*Z 1 -Z 3 ©3ffi|©7>*i|L. * 
tl(Cl6D-C«Ey 3 » ^IslBSrtCSgiJjIlIKfeB.-B,© 
3«Ct>SiJL, ^n^tl(Cfifflffl«?:iS0fcC4-C* 
4. HttK. ^^ftgjSrtCliSSica, SS, fiift. 
>^^^>x, ^ffj#^. *SC>B-€-*ae>©iffl^-a-& 
4ffi«f>t*a- ^«&«>©*J^Sti5. L^fe, Zhh 

vmtt- * 9 -?±Kfm i x ( t DtonfMBjmm. ) 
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mo* *) cc> -mmmimtt* 3 izmmmttt® 

tm. &£ffHft tea 1/ /c^iSJIIiggfcJ; {>*{4tBffl« 
@K©t&imit$W^c&£ 0 ctucj; <5&|g!t»8 

[0107] HffilIlSS©#«!Rr££ LTB> ^a«TI5 

[oio8]® ®,mmint®m.®:m£itftm?6 
m. 

[oio9]© mojzzz amnm) iuzixk io 
g«f em, 

[oiio]© mnvmtz ■< ? > wczixftm? 

[0111]© H!S§©*1!»? » :/|*J©MWfigK 
[0112] »IW14S(cJ:-o-C^illtfc^«, 

[0113] *mmw<Dm2(D<&mt, mmrnm, 
(c a iy^im^iicmmucin 20 

#A#3*Ttt,>&c£-e&6,, H&tc, 4^1* 
gg!rt©0i8K:tfto5llSiSB. Mfl^-RcJ^T^t 

it a , ^mmmmm , ommmmt 3 mtc^ 
^©Hjf^-FtcjitBLit^tttc-r^ci^-rs^^ c 

tUCj;^ mtCig»|l]SS©«)^^^CC-r^C<!:^-c^ 

■So 30 

[0114] ^mmmxa. jy»sz 1 '-z 3 © 
swt^e v tl ~ v t s © u^ns-r ^ u i> 1 1> -cv 

HJ^V.iWttEIBB^B.^iiKttWOri,**. * 

»85t j: ixmt'WiftWs. zmsix m 2 5 © j. 5 

K«!|l«Elfi4BIB*tl««KWntfJ:(,». 
mSE&£0K«lfflEW£l/ttei*. fKS&ISSgB,- 

[ 0 1 1 5 ] S2 6 {c^woflaosuMHtis*. #as 
mmommt. n^mmz l (om^-\ : i>cn^bxm 40 

» (CC-CB21B) ©W»0B*»tf. *ti6©ffl#* 
yf-X-VMZ.xmtbX'tbZ. gBttHBSBn. B 

„{c«-eh-en> z,©i&mcig*8Uc*-f 5>y<s# 

B„, B„©ffl^V L „. V *«t» 
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BV lt ,«Hc«tt3tlS. 2<I©fg»j|I!SgB 
„ , B, , © 9 % <l>--fiW<1 Wmm& Z , «c nag*** 

[0 116] 02 4©§SJS0rCB, *ffl©SaWcSWr 

■3-ri>fc„ L>*>U *<Sf©^>b--^>X^Ki^*- F 
fCfcoTttfttrtSKSHbU *t&SBK50R©£Kft: 

x&z>. &mmmt 1 ^©ssft*- FSfflKKst-rn 

*fk*»**i"r*. C©*8&«. CMBKBtittZiAi 
IWHflifc * 4 i * . BuBZ, tffiHStttffiCc $> £ t 

[0117] *mt«-CB. ffiffl3tiftl>*OW«H« 

ffiffl 3 tits, t, ^©IglililSSBX -Y 7 9 ic J; o r 0 fit 3 
l/*»L» m«*^*ffiST5fc&KB 

x^xmtm^<D^ts^'om^x^i>ifi. %wmi&w 

cfc^(c^ttur*3«B. x-f f^B^Sr**. 
[0 118] B24©JI«W-rB > re»iaiS4^«iiL'c 

tc^i. ^wiaKZt-z.fflaiiBKe^oa******* 

iA5*5„ 02 7tcCft£te±-r&-#?££'Trfo 
©fttf>, ^Mfc J: VRttBIK^ 2 ffljcaw Ofcatecco 
^r^UTftS. **»JrB, 2<i©rtg|5^iS^EP) 

±£2<B©N^1-*.>VM0S F7>yxi?Q a , Q 2 «cj: 
-o-Cg^L-CUSo MOS F-5>^X*©G*<<>«l1tE 
*V TM tTSi, Q.BV^-VL^VT^OttJC, Q, 

bv l1 - v„>v I „©4&tc^n^ , niiji-r'5o t-fc^ 
■o-c, v u ,iv L! i©fffl©mficHBv TH wrt{c^fcn 

So 

[oii9] rt«wR*Em±*«*i-rs#8rt*. 02 

7CC^Ufcfc©CC|(R6n*^„ 132 8 (a) - (e) «c 
l>(ojl>(D«^f. **>*K&*ffiB. (a) ft 
t,>C (e) ©J:^(C> JStaAS^B^ffiWKfilixi^ft 
-3 T£$-rS;ei£-C**. (d) B. 

027 iisi^cc. nmnrnxsm <D*mtt-j£m® 

5 IC-fttmx&Z. CC-CB. MOSh7> 
i/ZHOfrtoKllcm*- FD a , D^ffl^ri^o V 
L1 iV LJ i©W©m<iMB> y-f*- Fo^->«EWrt 
{C«rA6ti*. PIBI ( e ) B> *«aaAB««:o*»U 
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mxbz, cntifiic mv ia iv LJ i©Sz:±»3© 

tzcx&Hnx&z,, ^>^6^. 02 7fcj:o*@2 8 

(a) ~ ( e ) osm^ifrmsntcmffitimm 

[ o 1 2 o ] a*, c ccm^tcmm^mt, mmm 
ziMb-c^mimmv $ v *&c#t ox &w$re*&,. 

[O121]H24~027 -CiS^O/cfc. HffiHiS 
^©¥*(*«gfcteWS<i^B02 9(c^-rJ:^{c. ¥ 10 

ft U fcUffi Z » , ~ Z a , ©£«$> h 'J§S£ if VfX l> 
A,^«*WZ„~Z,,Otti*W*>6« A 3 ^«^Z„ 

~z 3S ©a^6^tteh»a£;WT<,>£„ c^t* 

$(mE©<6T3l5£ff«-Ci*» IB»[II&a>6ilo:fiffi©i!!i 

U;m®#>6«£:W ftfflffi«0Sg©A# 20 
fc|a)D«#><5>i£C<!:#S$ U> 0 

[0122] [mmmstmmm®] ma 
B^{cffli^©(cnfis%«i§itiiiittfflffl«iai?s^o^ 

[ 0 1 2 3 ] H 3 0 (a) JtMif W2SA i iffitBffljS 

#>>), MOS F^y^ifQn^QiiWK. 22« 
tftfjITCi&O, MO S H -5>yx £Qj S , Ch^gSt 
S. MKlWi^2 \<D2®(Dht>m<D*>h, -mat 

mmm£v x &Ati2ti, mmci,mtim>ibv L tmm 30 

SftW*. C 1 ttfiM«lHlSg-C*0 > JK!nR 0 £* + 

; i- # c „ s t, > * „ c ©i@isg©^f a* 
Mm>£*©Mt4HMfilli&*ia3 0 (b) lafct. 
ia#©fc&, ftW#j*©§«c t r*stB^*^u-r 
&& D cct, g. a , g.jxzti^timimm^ mti 

S. Uttl&©ffl;WS£i. C G Wffl^K©A^fi (Q 1S 

[0124] comffiommumzms 1 ( a > , 

(b) ^ffl^-c^-rSo *-r&tsffl«*ife§^^ti^ 40 

tc^x&^Z. tH3 1 (a) «{4+Bffl«@?S^^^ii 
^©)i«WfUff©M^-C4>^o 0*. a«IH(|J**iS 
2 1©ftJ#v/ /v„ b t*tH^7®2 2©Wf v 0 / 
v,' , c«i|iig£©*iJf#v„/v,T&&„ a, biJ-etl 
ft. f 1 fj:Zm : tfmx6 dB/oc t©fiJ^r{S 
CCt, 

f,= l/(27tC c r,), f,= 1/(2 «d r.) 

C©^jr(3:f l > f ,-c*?>^6. U-g;ommc 
= V„/V,«. JSM#f ^11^1)4 6 dB/o c t 
-C, §f>tcf x ^mSi 1 2dB/o c t©#h=rr{£ 50 
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l,m, 12dB/octTiTtteS>^, (CCTBf 

,) Kfctf**fjfiwo dBMTxtetttumztnK m 
frwnbfrtsi&^a ut f l tt^mmTm\yX^i, 

C<D%mmtcZfttj:\<>CtWg>l<K 03 1 (a) 

[0125]C C-Cfit+Bffl^lHlggC^^p-rixb. Ji 
»1ttt*5H3 1(b) ©<i:5«:&S. f M» 

p^. z J( p ;j ©3 i,w\x^dnm^fc^mctjih. 
p J1 £p JJ «#-n\ zAm&tmxtxz&xtoz. 

c ti 6©£©Ji$$t«;X© t is x A 
[0126] f „= l/(2 7r(C„r J + C l r,C„R,)) 
fii = (C D r, + C l r,C,R,)/(2)fCiC,r,R,) 
f ; = l/(27tC 0 R D ) 

tf£Jrftft#D ^©*Sm. *g^©^Jff«, 

Ji«*if ia *m^i6 dB/o c fC, 3 P>K f 
^M?L&t 1 2 dB/oc t©g«£TflST-f ^Mtft 
CCt?, C, = nC, r./r,, R„=r ! /nilT 
n4+MS<T<itf, f„i f„££+#0i-f C<h# 

•c*s©-c, ^jiWa^^ft-rsci^-cir^. 

[0127]H32 (a) CC'Jf SHitl^i tttlfi«ll]«S 

©^©iiife^*^,. c©iiisg-ctt. mm2 2<DAD 
■c, fitl?l«*'ifo-ci,^ 0 c©in?g©«^w^^ 

it©/Ml^ffilil?S?rH3 2 (b) -e©jf'Kf!# 
14^:03 3 tC^T. C©»^(3:, UttWIS©^©^ 
P,i. Z,. P tJ ©3 ^^r-Cffma^o^tti^ 
So c©»^fei)J|]!i0!liiai«- f^f.iJfe^i^K 
f lt i f 1I i*+^il-rciCC t ±:- 3 -C, 

tsMfltffl © ♦ + ^ * c r wvmmo Kt> t m t ©rb 
w©w*^a^A*< scscit*?.. bitifir>x> m 

*s„ 

[0 12 8] C CCH3 3 0 (a) t>L<\xm3 2 (a) 

©fitB«iR@8S Kffl 1 > & + + ^ ^ f «: -3i > x mm? i> . 

( fflm»WHR-T- pF), L/* & *E$#tt©'h S (< > 
Oifi'J&gXiibZ. 03 4 (a) KlSOCMOS^'O-b 

xTrcni^STS-^ffi*^. 101 bpjp 

©^jgt^SR, 1 0 2 ttNJfJ^ x;k 1 0 3 »N*ffilR 
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1, 1 0 4B7-(VU-: 'sa>m®S i 0,. 10 5B 

fflm©M0S*+;^*i|Bjt;=fc5(t. y-h*g»)Si 

0 5 4«^t, y-H06iSfi«102at© 

t ^ *✓ $ £ gfc ^ h TK N ^ x )lft$>6tc&> 

(b) ^ffl^r^-r^. Wto****^* KEn^-rs 10 
he (y-n»^iE) . NtttoiHtBttcft*. i/tn,» 

{tr-SiSrroEPfluitEv.r*^ v 0 <o-c*i>. u 

fc*t-jt, y- h W^EiC & * J: 5 (c-J5f |SiO«E*«EP 
JOSttS^^O, ■€•©JR1t^JiBe4^4"-5t■C*^>£ 
t>5««W«*a. ^£[6]©mE#l«ft5 sts^s, 
03 4 (a) (C^Lfc* + .r«^$*2<HflH>. 03 4 

(c) ©J:-5Cci;iUcjaw^c»J^Tti«J;l\ 
[0129] *«W«|0+l'^S/jrtff*©WWftI 
SB. O^miS,, r-fVl/->>a>«Wa 20 
IWW, ttttum &<£!«!©£ 

x(c£Stt-a>sifrcas. ifc*ht. cmos?" 
a * * -cftp>h6¥-mfrmm h b. 1 * £ft 

[ o i 3 o ] *fc. xwAzmmtz^mwmmicjz-? 

TB. 8WgS#fiJfflr**C4#*-5. fc4;lB. a 
C©«fc5fc«l£B. ttM«ft£&ffifflR 
RAMCC-X>TB. 74 - 4- ' 4~ ' 4-, V*-t 

v y i. f • xf- h • 7, m 1 5 

#. »4#. JB6 8 1H3&>6»»6 6 6H. 1 9 8 0^8 
^ (IEEE Journal of Solid-State Circuits, 
Voi.SC-22. No. 3. pp. 6 6 1 -6 6 6, Auq. 

1 9 80) CCffijfiShTOS. 

[0131] [wm%K3tmm jmc. 

HE 1 ; 5 9*BftKflH>2®tcaofc3*1IE££iaR 

Kot»r»ints. ft*. cc-ra^sSBMElsa-ig 

»b. mtrnztobx^K^nB.*) s •> * laigtct,* 40 
[ 0 1 3 2 ] may 5 » ^©a^^Ev.B. mmmm 

V,*JS«:ftS6tt$. ufc*5,T, V.CMKJc-jT, 

v l ©i3tt*ffiftKR5£'C*s. ^^stcte^t:* 
EU3vjriaK4HKffir«MK«. V L ©^gR*««E 

^©ewjctEcfc^ttWi-e©^^^, ^«bs5 6- 

5 7 1 4 3. 8SW85 6- 1 6 8 69 8. «fTO5 7- 50 
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2 2 0 0 8 3. 4$IHB3 6 0-2 6 1 2 1 3. #HBS6 3 
-8 37 2, ^fJSKHS 6 3- 1 2 574 2. *H#l ! r»4 

1 0 0 4 3 7#ft£{c0|j7jTS*yt(,>*. c*i*=>©@K# 
**W(CJ8ffloI^«cC iBlr^S-Cfeft^. 

[0 1 3 3] 02 4~02 7©*JfiWrB> S*fStEV 
.iitSaBBliaHHcA^l/T^fc. ly*»U S$«Ef8 
£!ISrcf#e>ti**EB. £>rufc¥iW*§Btrt'CflH» 
SrtaiMt»18EiOraSitcfiir**4BI8?)i5c(r». c 

B. «MIE©«ai^o-feX{Cj:*«6o*%»Hirr4 

4*5*3,, «E©a»*}«i:c;h y i>if<o^mtv 
ru, a?sa©*B#W»4 10043 7#«:iaK3tir 
i>*35rtS**lf»TfcJHf>*«. ccr«iim©MOS7'n 

[ 0 1 3 4 ] m 3 5 KBBHfcjjVr. H*. D A BMW 
WIS. Q J1 ~Q, 1 BP* + *rt'MOS r5>i>X*. 
F.-F.ttta-Xr**. V,*JA^«E (S*«E 

msm>m) . v.- asaawEE (Wftiii»©A* 

"C**. DA©A;Wf©-#fc:B, V»#A 
f&ftJCBV,' ^MOSh^y^^Q^-Q 

^cc^-^r^fijL/cv," ^«Msnrt^ 0 d A©if 

4 1-ftB, tftfj*EV,' B^f4 

[0 l 35] V,' =CCR 1 + R»)/R.>- V, 
CC-C. R,BQ )1 ~Q,.*»6fiS50B*9flittK«8ri 
4#&Lfc4$©S5tfMI. RjBQi.-Q,.* 1 ^^*!!! 

-X*«JW , rsCiKJ:»)R l . R, *»£*>■&©?. 

v,' *H»rsci3&fr*s. 

[0136] *f*toft h y 3 s>#<DUmi®3 6 fcJfH* 

■c^-ra. c©HBv A^v»im^v R ' tomm 

l»i*©#14-r*So ta-XF„ Fa, F 3 ?:)i(cW 
BrT^i. ±iBR,A^A#< ^c?>©-C. c. b. aT* 
Tcfc^iCV/ b*-XF 4 . F,. F 8 ?rWi 

JJ2R,36»**<J!c5©-r. e. f. g 

WHb. iai3*m-cv„' *s*«>a«fiv,.' ic&< 

ft^i^CC. t J .-X©W8lT^ffi ; S:a^-rtiBJ;0„ t> 
titen©S«B. V,*5J2a>«H'rB6oi ( >-tfc. V,' 

3fts*s«Brtv..' ±av,' «cA^«t^ic-racir 

r y5>^S (fci^tfa) Z&mVttt%K.V.' 
= V„' +AV R ' (CftSitK, *tiiW«1-Sh'J 
5>^ffi (fcA^Bb) *Sffl-T*iV,' =V B0 ' 
-AV,' Kft6J:9«:. HB3i» (ftMOS h5>y 
^*©^ + *;l/«/^ + *;i«) *a^*»WBJ:i». 
[0137]H37ftrys> ^lil8S©ffi©^lilpi|?rin 
t. ffl^EV,' *fi<rS4*B. @3 5 4|aUi 
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(C, t»-XF,, F,. F,4)i^WrTti{i«fcl,». 0 

3 5 iofflSMii*. a^mEv/ *w<-ra*ffi(c* 

3. C©i§£B, *fta-XF 7 4W*tL/ (COWS 
-CAW*1*ttBBI3 6 ©h©J: 5 ic&3 J; 5 tc@K£tt 
*»/VC*5<) . F,, F.fcJWcttHfrO-a* 

WtfJU. *HKK. H3 5©@ISJ:9«>fc*-X©« 

[0 1 3 8 ] 03 5fc£CX03 7K^UdII&B > KB 
#H1«*KKttS<va>40RKtt'«'T:. jiS©MOS 10 

l>rir>/t©{C»l/, 03 5teJ;C>*il3 7©@BSrBMO 

s hsvyx^iju^ws. msS0?8©®M«T 

(ISHkTclMa) L&ttftB&^&K ^©MOST" 
n-fex-cB. fiflUOfcMOS b?>V>z itoUty ^ 
fflWt^^©rt*^**#»ff6tt*. fcl«U MO 
S h9>^**W>*i. *©L*lMii1iE©£ll>«C 20 

rtf6-3<r*»it. h*v-x«cjg*tt/T:* 
Mti^©I@KH8U 3 6KX*<<»lfl*E©«6 

* # t> m)M.r t * - xrowK^ffi^jiJR-r s c £ (c 

[0139]^ h U 3>^[lii§KfljV3MOS 
>y^$Kol>r, 03 8 (a) , (b) iCkiXWlW 

©«teB> 03 8 (a) (C^-r^^&P^ + ^^MOS 
h7>S?x*£/Bl,>ftB'J:l\ ) S«#NJ15©»§£B. 0 
3 8 (a) Kfct>T$*^*t-^TMtcUcN?- + *;l/ 

MOS h5>^X££ffll>*iBJ:l>. 03 8 

(b)©<*:5cc, nmo-f jhw©$* 

;H 1 2©«ti£B/£ (Ctrttgftfc) -TSCiteJ: 

3. 

[0 14 0]#(C, h U 5>y@B(Cffll>Sta-X(C 40 

ot^r^-reo ta-XiL-CB. tei>l«iHS*v 
b. u-if^fflus^-cfe. «a«tt#Scrt>j: 

t>„ U-lf^ffl^S^KB, W»rffl©h7>yXif 
*CFBT?*3fctf>. d5WOTI%'b3 < r* 3 4U m& 

JSC>&<rkJ;(>i(>m'±tf> s *3. 50 
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[0 14 1 ] 03 9 (a) tCV„*>6V.' ^©g&HISS 
©fl&©3aWH*>T*r. 03 5&3OB03 7©|§IS8i© 
m*B. P^t^JUMOS h7>yx5fQ 4 ,4j|Jnt> 
/cCi-C*3. CtifcJ:»h tftfjUEV,' ©**ifltt 
V CC -|V TP I (V^ttP^^MOShv^^ 
©OtlHWE) tCjW*.6ft4. cn*H3 9*«c»t: 
ttwr*. C©0B. V.iV,' OV„ffifftt*^Lfc 
fe©-C&3„ 03 5*>5^B0 3 7©lHlSg-CB. V cc *s 
flSOifcV,' -V«-C*€, 0 L*»UH3 9 (a)©® 
SSfB. Q,„©ilfl(KCj;S), VccrtHKl^fcV,' =V 
cc-IVtpI£. I V T , I ©»ttWffi<tt3. 
[0142] *^W©*|j£«. V«JWIfiW&fH*» 
(fc<fc*.«5V) «tOfc36>tt»)fil<»i* (fci*B3 
V) ©. rt««I«EEV l ©*E3M*»J:t>C£'C* 

a, cn?:03 9 (c) *m^x%m-tz>. c©0b> 

03 0 (a) fcl/<»H3 2(a) ©jgl&iaiSfCfc^ 
T, Vcctfft^i&CMtfcWEV^ItillEI L ©Mtfi©- 
^-C*3„ V,' *l8£f3©K:03 5*3t>B03 7 
©@R*JBl>fcJt&». V««*HSli»i»«Vi«iV,' 

(030 (a) 6L<B032 ( a ) ©Q,,) © K W 

> • v-ais«i£#t«i/ii*or*»). *«rtBMft&*« 

V,' *^4T-5©(i:03 9 (a) ©@SS%ffl^fctB^ 
B, V^V,' ^Vcc- I V TP I -c*Sfr6. Ktt@IS 
©ffl^jMOS h7>yx£©FL"f> • V-XfflSEB 
StilV T , I (C©^lrB0.5V) (CfLk 
,T. *©«ft««rt^BJt«flWc* < . V L ©ffiT* 

rfe < C I ic«fc 0 . *EE9EI«*IWFr s^swwaErt 
©HPS©. V C c*iffi^it©»^*5 J: 13 SSEfc&r), V 

[0 143] itefc. 03 9 (a) ©@PSQ„fe. WSi© 

*»©IB»*«Ijl.*fc«>K:, 03 8 (a) , (b) K$ 

[0144] [ ? 9 X|*li3g • E«] *»lJ!*f5 

oi^ra^s. *»wtafflf it/ c 

crttDRAM*W«CBO±W'S*». t%6^©^mH 
^«{Cfc>*:»WBaifflnJ*M-C*S. *fc> CCt?^ 

ilea • EMDErsa. ffifflfflfli*itbTt>»^«EEy 3 
v zwmc^xhW&xhh* 
[0145] 04OK«Ey S v SUSS* DRAM(ca 

fflufc*^©. assL^iaffisate.t^ii©-^*^ 

T 0 0*. lH*Wf>^, 2 a. 2bBWMOS 
h7>yx*-C«JiX3ftTl>*^*y7U-\ 3a. 3 

b. 3cBMiailR?»&. 4. 5B*n*ti«»V 
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W«S«EEV«fflO!f!>^-f f K. 6B 
»tfIE?S£II!Sg, 7 a. 7 b, 7 c, 7 d «fgSttHU?S 
r&S,, 6i7a-7diCCj;»)*E';5^flilSg ; £« 
$UTt,>S. 7a, 7b. 7cB^fteft Hffl[IIg83 
a. 3 b. 3 cfcrarfSftgRlifWIKV,,, V t! . V 
L3 £fg£-T S„ 7 d«^*'J7 U-2 a. 2b£Mrr 
Sl*3§|5®itIEV t 4 

[0146] ^ifemftmB, S«ME&£[H]Sg6 i 

ig«jiisg7 a~7 d mmmammmm 
m'mtiLA}im>7 : F©fi®K, mnmmt to 
zti'etKDmmw&mtmmuccfvfoz. ^© 

tc&> ffiiftS<iA;>Jffltf'>7V F#>6Si*HEE 

(wH!SS*t?©rtgBmjSlJEBe^l 1 a~l 1 dfim<t£ 
>), ^ft6©-f >t-#>X#/h§< &S„ Cft(CJ: 

d. sei!8±©ii^«4>-f£©r, mntt%m® 
omm^Mmmb, s£&amiiEv,w#e>ft 

■So §5*8 1 1 a~l 1 dCTMve-^vxtcj;* 

ramismEv^-v^tDmEii^T^M^-rsco-c. v 

So 

[0147] ^mmmoh ^-^o^mt, mmmm® 

*T, 8i>mEI64[i]?SffliL.-Ctt, 
©S^I5^8*S:WS. fl&OtUSgffli Utt, 15^9 a 
~9d£l8:WSo T&ftti, #fg«0i&£^©Jl#|5|i(& 

t * iciftft SH*t (t J; o r &iti@2l!a_LCcl6£-t sum 

•So WK. s^sEie^iHiusosittss^c^^^-rs 30 

£, T^-C©l*|gRmiSmEV ia -V L< ffll/<J^^I!(iT 

s©r, sismE^niiSfflo^ttiswcWi^-rffi© 
«ms5i^iw^iiu'rte< ttfimt w». 
';ru-ffl©s»Kil« i bft6©««iE«ii^i«i/r*j< c 

£#M£U>„ &tf&6B, DRAM-C»-fe>X7>^ 

w&£-rs#>e>-c*.s. 

[ 0 1 4 8 ] 04 1 tc[5|fSB5SfeJ;!>'fi5^©ffi©»pil 

^u-ceitsft. 3 6{c«jWB«tcmawai«EEVccffl 

©.jOf* F4. 5«>?f ^©ifjfeKEIiSn 

■Ct> So ^OtWr*). £$«EI&BK6B&JlMtt 
A^fflsJOfw F©jfi#tC, JiBttlUBS 7 a. 7 

d B*h*ft©tt*0R©iE»K:Bi $ ft-a > s . 

[0149] C©3»&W©*b6B. 04 1 *>6W6*»& 
J^iC, B5«S3!)5Sg< ^cSCiTcfe'S. Cft«C<fc9, il- 
^»«EV t ,c«tt^«H»R:»tiSlt«03EI(itc 

9 s a >9* 9 F i#SMKi0Jgi©Rfl©a5*l 1 0*Jfil>fc 50 
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&. ^©-Y>t-?>;^Ai*<, £ffHtt©?l9ft*ifc 

BsmBRrciuRr * s fc & r <, > s # , fir«# 

**!>fcrt*V»&«MKl»*ft&<&9. |*i»*«*EV 

IfflTtt, V„g2fll 0©-r>f-^>X*5/jN3^© 
t\ *©#*S&«ffi*«4»tfC SfcV 

[0150] mA0hL<i,m4 ikmwvc, jgtf&KiSS! 

©*#*W«:|fl||IK:t,"Ct>a©B. SWUEV.fc.J:^' 
ft WIEWEV i , #s§MMtt£3i£K: tr^s ft* #> 
6"C*S„ a»«C. V„. V l( )W1-fllWW«EVcc**» 
£bT«£SftSt§£B, VccEllWlHfO^IWiK: 
ftS. C©t§£B, a»*E»4HK4Vcc'ff>f s -*> 

Yommcmwi. v ce fflBi84#ia»ctK» 
BfrtiBii^o 

[0151] ftfc. H40fcL<BH4 1 JCwl/faKS 
•BIWacfciB^r. »*1tEV.*»|MIEf8£iaR 

v'-JU F£SfeLTfo< ©#SI3: U>. ^ft? » -7'rt© 
flk©HH*» & r V , JWSOrr 4 © *» <• fc& 

3i^©^**^7-o-fex-cJ^-c^Si'-Ji- 

[0152] 14 2 (a). ( b ) (C. ->-;U F*JSl/ 

fo H4>. 1 0 ltt¥a*ttS«. 10 4BSiO,. 1 
0 8«^l©l5H)f > 109a, 109b, 10 9c B 
»2 ©12*81. 113. 1 1 4 BJIHIimit. 115B 
ffi«)i-C*,S»o 1 0 9 b*s»?i«EV R ©|B^T*S„ 
■€-©JiH©1 0 8, 1 0 9, 1 0 9 c#s->-;UFffl©62 

1*^*0. -3g«f4 (ccrBJgJi) «cH^§nri» 

S. 1 0 9 bOT^K 1 0 8 4l8:WfcC£iC«f:0Sfil 
0 1 i©g«S£KJ:aHTf fcKFjtr*. S*K 1 0 9 

a, 1 0 9 cfciSWfctiCCcfcriMg-fSEill (0/^ 
f) £©^«S^5Ccl;&*l#4W±r*S. H4 2 

(c) fc<tt>' (d) B. t/-;UKt*L&EII©ft©^ 
Sfe^r&So 49GMMrB. V,t*l©Ei«JBl 0 8 
bt*EHl/. *©S* (1 0 8a. 108 c), T# 

(106) *j«t:c;±* (io9) ic**i-e*ij/-* fjb 

IB«*»»t:(,>*. ±^CiJ/-JV FEK*i9!Bac £ 
icj;0. ±*©aiataLWg«IS^KJ:*»it*tl» 

[0 1 5 3] 1 (a) . (b)©J:^K. a 

>£?F?L116a, 116c, Wi^XJH^-JH 

17 a. 117 ctttttTS'-;!' FfflE«5IIBI±«:g&KT 
tlB, V-^FiWS^fctt*. HO 1 (c) . (d) (C 

^-;i/K**ti/fcE«©ffi«^atwt^vr. ^*tw-c 

b, 3>» i o 6^v,©Et8-c&s„ -e© 

T*(CB>^ 1 1 2 jW&SS ft. PJNUUI 1 0 7 
a, 1 0 7 c, tecfctfrOi^ F?L1 1 6 a, 116c 
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*ftix, ijwm i (ommm 1 o 8 ccsaftsti-a* >a?z> 0 mmmmz. * v ?ommmm&%. o «^ l 

£o *fftb*>. 10 6<Djaffl£l 12, 10 7a, 11 ac^©r*Ara^3R^«rffll^£*^«cl^Ci, teJ: 

6a. 108, ii6c, i o 7 crHt?c <t j; v$M4 .*-*©fi5£fc:<fc o , ft$$nmnE.v<c 

-^fi/o^s. *soi«©«^b, ^;i/F(c»2© ratsaftftsn't^a^ fc£^rt«m«*ET»ft 

BIWit*ffiur^a^©r, cft£S6i (c)©i s-tfrfcio. 

oaecTSfiSK:, tt©aWK:ffiflir*4C4T?*«. [ 0 1 5 9 3 ^ l JBT Fu*fc<fcoratt3tifc7 u 

CWt fci*«V t ©ra4«©B3|«4*«Sai , r6» ~©a*WFT*. COWtB, a,= "0" (/a,= 

»tCffiffl-r«©CCWJar*4. "1" ) Oi^7b-2ai2 c#S!R (2b42dB 

[0 1 54] arte, 6l±©J:9a^^FK:J:0, V R #35?), a,= M l" (/a, = "0 " ) (DtZTU- 

4«tt4©Hte*£8a**ft< **, C*iBt*L*>87* U 10 2 b 4 2 dftsgft ( 2 a 4 2 c tt#illl?) ©tflK4ft 

^JftStfcfcfel". t©flF£8«B, V R ffiiR©i«5HiR & a *©/c*Cc. aiRStiteTU-ffl©^^^©**Jffl 

KSW*-f>t-y>x*iSKE3*, WWjRHItfW ^3tx£ 0 Tftfc^ 04 4K^TJ: ^c, a,= 

^*3tt£, l*l>4'f*v^y >yn>-f>1f4LT "0" ©4*B, ^^il/^ISftBIB 14a414c#>^ 

a^^lfiLTWWSa^fiCOa^B, JJ«C* + A ai2c^, »Ca,= 1 ©4SB» ^il/X»aH 

4fiffii,Tfc4>£^3u^a>*fti> 0 ss 1 4 b <t 1 4 d#* <f s >^w** t r:J:9 * pi , 

[0155] ±©W?B, FBtHSfSBttB * F 4*HJ*t/TTU - 2 b 4 2 d*ttft 3«tf S. 

«»i«a4 ut^s*, sjEttwttaea^rLfctttt [ o 1 e o j *jQHf©ttftB> «k»hb*»^vpx 

«tttft<rfcJ:^. U*U mwmmtzvifi, ft &£BBfcjEttl/cEKU L*fe'WX»£HBl4 

fefffi#r#>9> O^feitcjas^fccfc^CcSF^**^* 20 b4 1 4 c4rSBJ»§7 b*#WLT^SCiT* 

77°iJ>^n>f : >1t4LrlKCD'Ca^ RK, 5. *©fc«>, H3Ktt^B*Wfi<ft!K iB»D^ 

^«E*£llBffl©»fl&l5» (HI 4 0, |4HC^t > tr-y>^jW/h3 < ttO > CftfcJ^TI&arf SIJ« 

8<£>S|5#) £«&?"£©#, tt©@tt©»ttKJ:o't*& O^MW^Ci^t^^ */c, 04fcit'ST, 

4"r^i8 : t^ii^^icR*'cj:^ 0 iraoi^icVn*. v i^iaB&tfiii«Q, cnscj^r^y 7*iWoHfS4 

C c*^fct/C28£3*i*»£B> J/-JbFl»BVccK fB»**©(S«*^"C** 0 L3tPt>, >^*I6£IeIB 

HJEf **3i«J:^. 14bil4c t^mmam^bt^xDv, bkihb 

[0 15 6] H4 3tclsIBiBlt*5<fcc;S«©ffi©l8»W 7 b « 1 fl©^';U^«*@B©*4IK»'C*htt «t < , 

B. 7a, 7b, 7 cB^ti^tirtWWSWEEV.ftlfi [ 0 1 6 1 ] 'WXft£HB 1 4 a- 1 4 d B, fci A 

£-r*BttEIB, 14a, 14b, 14c, 14dBH 30 B045U), (b) lcSLfclR^t*S. H 

tt@B©ffl**««ib^ffl^ , T:«EfiiBV t ©^;l/^ 45 (a)tcte^r, 5 IB, P**4wI,MOS 

0pa, 0 PI , ♦p^fta-rS^^ftftHB, 2 ^**Q 5 t. Q SJ iNftWMOS Yv>l>X* 

a, 2b, 2 c, 2dB*ti*ti*M. <*>p*. <*>p 3 . * Qs4*6JSfc42A*NAN DBBT?**. CCDS 

P4 «:J:-jt:iW^ , rS«iNeMOS F5>y***flH>fc-* B©««BV CC , T?*<K AW^^>^^iTF 

tyru-r*5. ftfc> ccTBa»WEE»£BB U*m#a, (JfcB/a,) 52B, P*t* 

B. SB«*««l/t*a. B4 4KCtl6©BB©MflF ;bMOS h ^>^*Q„ 4N^ + *^MOS h 

N^^tc XdfQ ss ^6StS-Y>^-^r*0, *©«8KBV t T 

[0 157]*J?^©*2i#>^ , ;^7^ncB#- a,;Wl H (SftV cc ) ©t*«:* T *JA*3ti 

O^SPmfSmEVcc (fciAtf 5 V) jWPJPStiW £4, rtW«BV t ©»fS©^;l/^*p*JA*3ti*. ft 

B»EIB7a, 7b, 7 c^feBVccfrfeBTStt 40 te, CCrBN ANDHB^WWWIEVcc^ttff 3 

fd^BWOTBEVL (fci*.«3V) ^Hl^Sn, ^ tfTOS**, rt»*B«EV l ri(ifP3#r*>J:l». 

X^4@B14a, 14 b, 14 c, 1 4 d K^ft^tl [ 0 1 6 2 ] 04 6 B, 04 3 ©JOfcWCtt^T, Btt 

A*3tiri»4. *Lr, ^;v^a*HB«c;BBI4 4K: @BcD^^3 6^cifl|iie>U/c^r^)4o TFuxff^ 

^*ra?^5>yAJl/X^> T <b x r FUX«#a,4aWH© a 1( /a,, £>f 3>^^^*t. teiV^X*,, 

/a,*JA*3hrC*&. -* f4 B, 04 3r^U/c*)©4l5lD'C^4o 

[0158] M2IBB3B. WTFI/^WA^ [0 1 6 3] 44tMfflTCB. ^;^B*HB1 4 at 1 

WTrt»r FUX«#a,teJ:CX/a,*, ^W«»ft# 4 b &?IKftBB7 a * v 14cil4dit7b^ 

(CCWO«)7FU^ hO-^ft#/RAS, n*n*WLT^*. *©fefe, H4 3©*Jfc«K:lt^ 

;Wi#/WE) SSWtWM 5>^j^* t *» so 9m^^«r^^> 0 ccrH44K5%TJ:5K: 1 14 
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a4 14b, 1 4c4 1 4d4B*tt*ftffll$0CBI!llft v >V>Z 2teNB<D<5 *Jl/ftKffJ)£3ft3©##jlr;& 

U«c(,>„ UdfiiX. Sg«H@lS§7ai7biB-e-n^n £ 0 t©i«£, 05 0©»rfflHR:;jVf J:5K, 

H@©^-;l'X|64@S|(D^?r|glft-C#titfJ;<, IBWffi (P*-f*;i>MOS h 7>i^x *©A;, h ) ©B 

;>3£2<g{CT6u^B&l,>„ {4«i1-g|5^aSmEVcc^«^< . ^-©V-XictftteStl 

[O164]047B> >*y7U-#8fl©$MN3ft SftfWff ( C ©W^BV t ) ttZOifiMt U>. C 

[J^iflLf^, 3»^2lHlSS, 2a~2htt^*';r [ 0 1 6 8 ] /c4*.tfV cc = 5 V. V tl =3V<!:T& 

7 a , 7 b BUlfriSa, 14a~14h(J^M i, t-y^MM .5Vt*5* 

!S£[i]?8r#>3„ fcSatW-CB, 8fI©7l^-©^2 6, *>?.T>-7mffi> P?t^MOSF7>^ 

ffl*JTKuxm^a,. a,{c«t-3'c«R3n. io *«cbi .5vo;<jfy- M-frx en 

fcTU-OiMWFrS. Tfcfefc. a,a,= "00" ftBOVfcft*. H6*#l«f*4. *>7s7yv$m 

Oi»B2ai2e, a, a, = " 0 1 " ©i *B2 b 4 ^©Utl^HWE (*&*HB) BttO .8 6 V, jfittttB 

2 f , a,a,= "1 0" ©4SB2c42g, a,a,= #*J0 .5 7 VT &6„ CN* *^«ff*V cc (=5 

"1 1" ©iSB2d£2h***ftehj8fl?Sft*. * V) il/C^ai. 1 .IV, 0.92V4&*. C 

©&«>. a^snfcri/-ffl©^i/^*Pii (k= i~ nBVi,ii/fc»^«:Jt«i/r** g «:**(.>. 05 1 

8) ©**sffl^Sn^o ?t£t>*> 048lC^*J:5 B> ±IB D R A M© -te > .X ^©WCBUS?: > P?-+*JU 

JC, 7h'UXfi-^a,a,= "0 0" ©itB'-WX*, MOS h 7>^X5^L*l>ffiit]BC*f t/T^C! „ h u 

<f> lfS , a,a,= "0 1" ©itB^^0p,4« P6 , fc0?*S„ |a)0a>6*>*>&J: 0.1V©lSl» 

a,a,= ■lO'CiWM^.i*,,, a,a,= |!*EE±ffBlfij2 n s ©aBSEKfflS-TSOr. C©«£ 
"1 1" Oi*B^I/^*„4*,*i*tvetiW*3n 20 NflxJHlffi&v;, (=3V) i«Citfi5ns« 

5. ch6©^;ux* Ft (k=l~8)B. 4> T ©*4 ±<Dimil1fi9mcit&Ctifit>1p&. ffliimiWK 

S>^-cm^§n6^'^X-C*0, -eo&IBBrtflMNII ©CMOSLS IB. J:9tWl3tE*Tlf. (■?* 

[0165] ^9Wd"CB» * * T U-tttftS ■&* tt* ) fSffl* 5 * &©-c> ±B*JMB©»»B 3 6K»B 
fc&©8iH©^"^X^lHl!Jot > 2il©li«)lH]Sg7 a, 7 

b*«*L.n>5. COJ^JcraciKJ:*). «tt@ [0 16 9] CCt?. N**MtflE*P* + *;UMOS 

[0 16 6] [DRAM'MDjlfflW BfciStl*. B4 9fc^l/fc£JIHB. f*-**BV l 
DRAMCCjaffllz/tWCCO^tT^S. 04 9B*I6M 30 /2 K^'J -y 3ftS©-C. P?- + *;UMOSb? 
£®fflbfcDRAM©1f)i»e*&,, 0*. 2 0 1 B* #WFfS4 1, FU-/>«BE*J±^S©*> 

(V.c) 9tm#**A*9Xv h"C, WHiffi 4T» »■*«>© U »Btt**fe»T'h3t». 

cc^snri^. 2 02BH«iWis. 2 0 3Brtss ifc*!->T, nvx.hnKoyg.nic&z'y-jf-T-yy'm 

mS.2titcWBM£ (V L ) ©«*&8L 204BP*+ ©WMttJttt/ftH. 

*;UMOS-fe>XT>^©K»MOS 2 [ 0 1 7 0 3 «±> H2>XT>^%WC£ oTWILte 

05BN^ + *;l/MOS-b>xr>^<W8»MOSh5 **. Mft®¥Stt. ftOCMOSBttfcftO'rfcjWrc 

2 0 6BP3 1 t*AMOSt>X7>^ 2 tr3„ *fcDR AMfcRfcf. 2«H£LhO»&**fP 

07BN* + *;l/MOS-fe>X7>^. 2 0 8B^*U HE^Wf'SCMO S • L S I ft feBafflTW-C**. 

2 0 9BP*+ *;l/MO S •te>X7>:/©NJfJ'5 Sfc. *»W©3»WK*Jli> , t. JfOWKWWWJ. S{i 

x;u». 2 1 0B-feJi'Tu-»4-fe>^r>^»*dtt 40 Mffir^TajKLTt. *aw*«(SS-r 4 C 4 BW 6 

rt^qjj, 2 1 lBXfn-y, 2 12BYfa *^&4„ 

2 1 3B->a-h • + 2 14 [0171] fcl±ttWUfc«fc^ tc. ^HWCCfctiB. * 

M«v,/2-c*4. WiMtEVccB, xfa- ffiy s^^[i?g*^<©fflS©^ ; 5:SBiii-rs^S^* 

V-h (>5*;l/) 4Yf t a-y©-»K«-r,rt>S. [0 17 2] Sfc. rtWME*«»4 L/rfflOSftlHfEI 

[0167] •fe>XT>7 - ©J; i 5^O^l9)-5CM0Slp| HHW^if*^ v ^{cfflBcffl**^. SIK»@8S^6 
B©»&. PJgCDS«*ffil>S4. P* + *;bMOS h 50 »fi«@K*r©B»tJS< , rsc4*Jr»*©'C. Nt 
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-ess. 

[ 0 l 7 3 ] *fc. rt«WE3nWBifWffi*»«f>*C 

if- h ©mE£e$E3ftfcm 

T*Ci#T?»4. 10 
S I ©J©&> «JEEU 3 7 *T?$^Lfcfli|5*ffi&W»!t1- 
T$ftt,>4 . ±8B©£ SfcWIlBSSK***** Ci* 

r*ftt,>. 

kk^* y f-x **««-rftB, ftm*t>ft$mmm* 

[0 1 7 6 3 KIIK, F^6^*yf-X$S-C©SB 

J^tt. a»£«K»«*J4rs. 
C0 177]»2{C, jt*V?ZZ<D*J]4>\£-it> 

[0i7 8]^3(c, y*yf-x£B7:f-D^E£$J 
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